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PREFACE. 


Soon after I was appointed Professor of Sanskrit and 
Comparative Philology in the Presidency College at 
Madras, and in that capacity took charge of the office of 
the Curator of the Government Oriental Manuscripts 
Library, the late Mr. G. H. Stuart, who was then the 
Director of Public Instruction, asked me to find out if 
in the Manuscripts Library in my charge there was 
any work of value capable of throwing new light 
on the history of Hindu mathematics, and to publish 
it, if found, with an English translation and with 
such notes as were necessary for the elucidation of 
its contents. Accordingly the mathematical manu¬ 
scripts in the Library were examined with this object 
in view; and the examination revealed the existence 
of three incomplete manuscripts of Mahaviracarya’s 
Ganita-sara-aangmha. A cursory perusal of these manu¬ 
scripts made the value of this work evident in 
relation to the history of Hindu Mathematics. The 
late Mr. G. H. Stuart’s interest in working out this 
history was so great that, when the existence of the 
manuscripts and the historical value of the work were 
brought to his notice, he at once urged me to try to pro¬ 
cure other manuscripts and to do all else that was 
necessary for its proper publication. He gave me much 
advice and encouragement in the early stages of my 
endeavour to publish it; and I can well guess how it 
would have gladdened his heart to see the work published 
in the form he desired. It has been to me a source of 




WWSTq 



very keen regret that it did not please Providence to 
allow him to live long enough to enable me to enhance 
the value of the publication by means of his continued 
guidance and advice; and nay consolation now is that it 
is something to have been able to carry out what he with 
scholarly delight imposed upon me as a duty. 

Of the three manuscripts found in the library one 
is written on paper in Grantha characters, and contains 
the first five chapters of the work with a running 
commentary in Sanskrit; it has been denoted here by 
the letter P. The remaining two are palm-leaf manu¬ 
scripts in Kanarese characters, one of them containing, 
like P, the first five chapters, and the other the seventh 
chapter dealing with the geometrical measurement of 
areas. In both these manuscripts there is to be 
found, in addition to the Sanskrit text of the original 
work, a brief statement in the Kanarese language of 
the figures relating to the various illustrative problems as 
also of the answers to those same problems. Owing to 
the common characteristics of these manuscripts and 
also owing to their not overlapping one another in respect 
of their contents, it has been thought advisable to look 
upon them as one manuscript and denote them by K. 
Another manuscript, denoted by M, belongs to the Gov¬ 
ernment Oriental Library at Mysore, and was received 
on loan from Mr. A. Mahadeva Sastri, B.A., the Curator 
of that institution. This manuscript is a transcription 
on paper in Kanarese characters of an original palm-leaf 
manuscript, belonging to a Jaina Pandit, and contains 
the whole of the work with a short commentary in the 
Kanarese language by one Vallabha, who claims to be 
the author of also a Tejugu commentary on the same 
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work. Although incorrect in many places, it proved 
to be of great value on account of its being complete and 
containing the Kanarese commentary; and my thanks 
are specially due to Mr. A. Mahadeva Sastri for his leaving 
it sufficiently long at my disposal. A fifth manuscript, 
denoted by B, is a transcription on paper in Kanare3e 
characters of a palm-leaf manuscript found in a Jaina 
monastery at Mudbidri in South Oanara, and was obtained 
through the kind effort of Mr. R. Krishnamacharyar, ..t. a.. 
the Sub-assistant Inspector of Sanskrit Schools in 
Madras, and Mr. U. B. Venkataramanaiya of Mudbidri. 
This manuscript also contains the whole work, and 
gives, like K, in Kanarese a brief statement of the pro¬ 
blems and their answers. The endeavour to secure more 
manuscripts having proved fruitless, the work has had 
to be brought out with the aid of these five manuscripts ; 
and owing to the technical character of the work and its 
, elliptical and often riddle-like language and the inaccu¬ 
racy of the manuscripts, the labour involved in bringing 
it out with the translation and the requisite notes has 
been heavy and trying. There is, however, the satisfac¬ 
tion that all this labour has been bestowed on a worthy 
work of considerable historical value. 

It is a fortunate circumstance about the Ganrta-sara - 
sangraha that the time when its author Mahavhacarya 
lived may be made out with fair accuracy. In the very 
first chapter of the work, we have, immediately after 
the two introductory stanzas of salutation to Jina Maha- 
vTra, six stanzas describing the greatness of a king, 
whose name is said to have been ('akrika-bhaftjana, and 
who appears to have been commonly known by the title 
of Amoghavarsa Nrpatiuiga; and in the last of these 
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six stanzas there is a benediction wishing progressive 
prosperity to the rule of this king. The results of modern 
Indian epigrapkical research show that this king Am5- 
ghavarsa Nrpatunga reigned from A.D. 814 or 815 to A..D. 
877 or 878.* Since it appears probable that the author 
of the' Ganita-sdra-sanqraha was in some way attached 
to the court of this Rastrakuta king Amoghavarsa Nrpa- 
tnnga, we may consider the work to belong to the middle 
of the ninth century of the Christian era. It is now 
generally accepted that, among well-known early Indian 
mathematicians Aryabhata lived in the fifth, Varahami- 
hira in the sixth, Brahmagupta in the seventh and 
Bhaskaracarya in the twelfth century of the Christian 
era ; and chronologically, therefore, Mahaviracarya cotnes 
between Brahmagupta and Bhaskaracarya. This in itself 
is a point of historical noteworthiness ; and the further 
fact that the. author of the Ganlta-sdra-sangraha belonged 
to the Kartarese speaking portion of South India in his 
days and was a Jaina in religion is calculated to give an 
additional importance to the historical value of his work. 
Like the other mathematicians mentioned above, Maha- 
vlracavya was not primarily an. astronomer, although he 
knew well and has himself remarked about, the usefulness 
o! mathematics for the study of astronomy. The study 
of mathematics seems to have been popular among Jaina 
scholars; it forms, in fact, one of their four atiuyogas or 
auxiliary sciences indirectly serviceable for the attainment 
of the'salvation of soul-liberation known as moksa. 

A comparison of the Ganiia-sara- sangrahx with the 
corresponding portions in the Brahmasphuiu-siddhdnta of 

* Vide migund Inscription of the time o) Amoghavarsa I, A.D. 866 ; edited b r 
J. P , I<ieefc, Ph.D., Chi.E., in Epigraphia Jndica, vol. VI, pjp. 9&-108, 
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Brahmagupta is calculated to lead to the conclusion that, 
in all probability, MahavTracarya was familiar with the 
work of Brahmagupta and endeavoured to improve upon 
it to the extent to which the scope of his Ganita-mra - 
sahgraha permitted such improvement. MahavTracarya’s 
classification of arithmetical operations is simpler, his 
rules are fuller and he gives a large number of examples 
for illustration and exercise. Prthudakasvarnin, the well- 
known commentator on the Brahma&phufa*siddhanta, 
could not have been chronologically far removed from 
MahavTracarya, and the similarity of some of the exam¬ 
ples given by the former with some of those of the latter 
naturally arrests attention. In any case it cannot be 
wrong to believe, that, at the time, when MahavTracarya 
wrote his Gamta-mra-sanyraha> Brahmagupta must have 
been widely recognized as a writer of authority in the 
field of Hindu astronomy and mathematics. Whether 
Bhaskaracarya was at all acquainted with the Ganita - 
mra-sahgrahci of Mah?lvTracarya, it is not quite easy to 
say. Since neither Bhaskaracarya nor any of his known 
commentators seem to quote from him or mention him 
by name, the natural conclusion appears to be that Bhas¬ 
karacarya 5 s Siddhanta-tiiromani, including his LTJavaix 
and Bijaganita, was intended to be an improvement in 
the main upon the Brahma&jphuta-siddhanta of Brahma¬ 
gupta. The fact that MahavTracarya was a Jaina might 
have prevented Bhaskaracarya from taking note of him; 
or it may be that the Jaina mathematician’s fame had not 
spread far to the north in the twelfth century of the 
Christian era. His woidt, however, seems to have been 
widely known and appreciated in Southern India. So 
early as in the course of the eleventh century and perhaps 




under the stimulating influence of the enlightened rule 
of Eajarajanarendra of Rajahmund ry, it was translated 
into Telugu in verse by Pavuluri Maligna ; and some 
manuscripts of this Telugu translation are now to be 
found in the (rovermnent Oriental Manuscripts Library 
here at Madras. It appeared to me that to draw suit¬ 
able attention to the historical value of Mahaviracarya’s 
Ganita-sara-sangraha, I could not do better than seek 
the help of Dr. David Eugene Smith of the Columbia 
University of New York, whose knowledge of. the history 
of mathematics in the West and in the East is known to 
be wide and comprehensive, and who on the occasion 
when he met me in person at Madras showed great inter¬ 
est in the contemplated publication of the GantLa-sdra- 
sangraha and thereafter read a paper on that work at the 
Fourth International Congress of Mathematicians held 
at Rome in April 1908. Accordingly I requested him to 
write an introduction to this edition of the Gardta-mra- 
sangraha, giving in brief outline what he considers to be 
its value in building up the history of Hindu mathematics. 
My thanks as well as the thanks of all those who may as 
scholars become interested in this publication are there- 
fore due to him for his kindness in having readily com¬ 
plied with niy request; and I feel no doubt that his 
introduction will be read with great appreciation. 

Since the origin of the decimal system of notation 
and of the conception and symbolic representation of 
zero are considered to be important questions connected 
with the history of Hindu mathematics, it is well to point 
out here that in the Gmaia-sura-sangraha twenty-four 
notational places are mentioned, commencing with the 
units place and ending with the place called maMksdlha, 
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and that the value of each succeeding place is taken to 
be ten times the value of the immediately preceding place. 
Although certain words forming the names of certain 
things are utilized in this work to represent various 
numerical figures, stilt in the numeration of numbers with 
the aid of such words the decimal system of notation is 
almost invariably followed. If we took the words moon, 
eye, fire, and sky to represent respectively I, 2, * and 0, 
as their Sanskrit equivalents are understood in this work, 
then, for instance, fire-shj-movn-eye would denote the 
number 2103, and moon-eye-sky. fire would denote 3021, 
since these nominal numerals denoting numbers are 
generally repeated in order from the units place upwards. 
This combination of nominal numerals and the decimal 
system of notation has been adopted obviously for the 
sake of securing metrical convenience and avoiding at 
the same time cumbrous ways of mentioning numerical 
expressions ; and it may well be taken for granted that for 
the use of such nominal numerals as well as the decimal 
system of notation MahavTracarya was indebted to his 
predecessors. The decimal system of notation is distinctly 
described by Ary abh ata, and there is evi deuce in his writings 
to show that he was familiar with nominal numerals. 
Even in his brief mnemonic method of reperesenting 
numbers by certain combinations of the consonants and 
vowels found in the Sanskrit language, the decimal 
system of notation is taken for granted; and ordinarily 
19 notational places are provided for therein. Similarly 
in Brahmagupta’s writings also there is evidence to show 
that he was acquainted with the use of nominal numerals 
and the decimal system of notation. Both Aryabhata 
and Brahmagupta claim that their astronomical works 
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are related to the Brahma-siddhdnta; and in a work of 
this name, -which is said to form a part of what is called 
Sakalya-sdmihitd and of which' a manuscript copy is t<vbe 
found in the Government Oriental Manuscripts Library 
here, numbers are expressed mainly by nominal numer¬ 
als used in accordance with the decimal system of 
notation. It is not of course meant to convey that this 
work is necessarily the same as what was known to 
Arayabhata and Brahmagupta; and the fact of its using 
nominal numerals and the decimal system of notation is 
mentioned here for nothing more than what it may be 
worth. 

It is generally recognized that the origin of the con¬ 
ception of zero is primarily due to the invention and 
practical utilization of a system of notation wherein the 
several numerical figures used have place-values apart 
from what is called their intrinsic value. In writing 
out a number according to such a system of notation, 
any notationai place may be left empty when no figure 
with an intrinsic value is wanted there. It is probable 
that owing to this very reason the Sanskrit word 6unya^ 
meaning * empty came to denote the zero ; and when if 
is borne in mind that the English word ‘cipher 5 te 
derived from an Arabic word having the same meaning 
as the Sanskrit &unya, we may safely arrive at the 
conclusion that in this country the conception of the 
zero came naturally in the wake of the decimal system 
of notation : and so early as in the fifth century of the 
Christian era, Aryabhata is known to have been fully 
aware of this valuable mathematical conception. And 
in regard to the question of a symbol to represent this 
conception, it is well worth bearing in mind that opera- 
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tions with the zero cannot be carried on—not to say 
cannot be even thought of easily—without a symbol of 
some sort to represent it. Mahavlracarya gives, in the 
very first chapter of his Ganita-sdra-sangraha, the results 
of the operations of addition, subtraction, multiplication 
and division carried on in relation to the zero quantity ; 
and although he is wrong in saying that a quantity, 
when divided by zero, remains unaltered, and should 
have said, like Bhaskaracarya, that the quotient in such 
a case is infinity, stall the very mention of operations- in 
relation to zero is enough to show that Mahavlracarya 
must have been aware of some symbolic representation of 
the zero quantity. Since Brahmagupta, who must have 
lived at least 150 years before Mahavlracarya, mentions 
in his work the results of operations in relation to the 
zero quantity, it is not unreasonable to suppose that 
before his time the zero must have had a symbol to 
represent it in written calculations. That even Arya¬ 
bhata knew such a symbol is not at all improbable. It is 
worthy of note in this connection that in enumerating 
the nominal numerals in the first chapter of his work, 
Mahavlracarya mentions the names denoting the nine 
figures from I to 9, and then gives in the end the names 
denoting zero, calling all the ten by the name of sankhya : 
and from this fact also, the inference may well be drawn 
that the zero had a symbol, and that it was well known 
that with the aid of the ten digits and the decimal system 
of notation numerical quantities of all values may be 
definitely and accurately expressed. What this known 
zero-symbol was, is, however, a different question. 

The labour and attention besto wed upon the study and 
translation and annotation of the Garata -sdra-sangraha 
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have made it, clear to me that I wag justified in think¬ 
ing that its publication might prove useful in eluci¬ 
dating the condition of mathematical studies as they 
flourished in South India among the Jainas in the ninth 
century of the Christian era ; and it lias been to me a 
source of no small satisfaction to feel that in bringing 
out this work in this form, I have uot wasted my time 
and thought on an unprofitable undertaking. The value 
of the work is undoubtedly more historical than mathe¬ 
matical. But it cannot be denied that the step by step 
construction of the history of Hindu culture is a worthy 
endeavour, and that even the most insignificant labourer' 
in the field of such an endeavour deserves to be looked 
upon as a useful worker. Although the editing of the 
Ganita-sdra-sangrahci has been to me a labour of love and 
duty, it has often been felt to be heavy and taxing; and 
I, therefore, consider that I am specially bound to 
acknowledge with gratitude the help which I have 
received in relation to it. In the early stage, when 
conning and collating and interpreting the manuscripts 
was the chief work to be done, Mr. M. B. Varadaraja 
Aiyangar, b.a., b.b., who is an Advocate of the Chief 
Court at Bangalore, co-operated with me and gave me 
an amount of aid for which I now offer him my thanks. 
Mr. K. Krishnaswami Aiyangar, b.a., of the Madras 
Christian College, has also rendered considerable assist¬ 
ance in this manner ; and to him also I offer my thanks. 
Latterly I have had to consult on a few occasions Mr. 
P. Y. Seshu Aiyar, b.a., l.t., Professor of Mathematical 
Physics in the Pi’esidency College here, in trying to 
explain the rationale of some of the rules given in the 
work; and I am much obliged to him for his ready 




willingness in allowing me tlius to take advantage of his 
expert knowledge of mathematics. My thanks are ; I 
have to say in conclusion, very particularly due to 
Mr. P* V aradacharyar, b.a., Librarian of the Govern¬ 
ment Oriental Manuscripts Library at Madras, but for 
whose zealous and steady co-operation with me through¬ 
out and careful and continued attention to details, it 
would indeed have been much harder for me to bring out 
this edition of the Ganifr-sara-sangraha. 

February 1912, 1 M . raNGACHARYA. 

Madras. ' 
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DAVID EUGENE SMITH, 

Trofussoe OF Mathematics in Teachers’ College, Columbia University, 
New York, 


We have bo long been aocustomod to think of Pataiiputra on 
the Granges and of Ujjain over towards the western coast of India 
as tlxo ancient habitats of Hindu mathematics, that we experience 
a kind of surprise at the idea that other centres equally important 
existed among the multitude of cities of that great empire. In 
the same way we have known for a century, chiefly through the 
labours* of such scholars as Colebrooke and Taylor, the works of 
Aryabhata, Brahmagupta, and JBkaskara, and have come to feel 
that to these men alone are due the noteworthy contributions to 
be found in native Hindu mathematics. Of course a little reflec¬ 
tion shows this conclusion to he an incorrect one. Other great 
schools, particularly of astronomy, did exist, and other scholars 
taught and wrote and added their quuU, small or large, to make 
up the sum total. It has, however, been a little discouraging 
that native scholars under, the English supremacy have done so 
little to bring to light the ancient mathematical material known 
to exist and to make it known to the Western world. This 
neglect has not certainly been owing to the absence of material, 
for Sanskrit mathematical manuscripts are known, as are also 
Persian, Arabic, Chinese, and Japanese ; and many of these are 
well worth translating from the historical standpoint. It has 
rather been owing to tho fact that it is hard to find a man with 
the requisite scholarship, who can afford to give his time to what 
is necessarily a labour of love. 
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It is a pleasure to know that such a man has at last appeared 
and that, thanks to his profound scholarship and great persever¬ 
ance, we aro now receiving new light upon the subject of Oriental 
mathematics as known in another part of India and at a time 
about midway between that of Aryabhata and Bhaskara, and 
two centuries later than Brahmagupta. The learned scholar, 
Professor M. Bahgaearya of Madras, some years ago became 
interested in the work of Mahaviracarya, and has now completed 
its translation, thus making the mathematical world his perpetual 
debtor ; and I esteem it a high honour to be requested to write 
an introduction to so noteworthy a work. 

Mahaviracarya appears to have lived in the court of an old 
much of Eastrakuta monarch, who ruled probably over much of 
what is now the kingdom of Mysore and other Kanarese tracts, 
and whose name is given as Amoghavaraa JNfrpatuhga. He is 
known to have ascended the throne in the first half of the ninth* 
century A.D., so that we may roughly fix the date of the treatise 
in question as about 850. 

The work itself consists, as will be seen, of nine chapters, like 
th vBlja-ganitJ of Bhaskara; it has one more chapter than the Kut- 
taha of Brahma-gupta. There is, however, no significance in this 
number, for the chapters are not at all parallel, although certain 
of the topics of Brahmagupta’s Ganita and Bhaskara’s LlUvati 
are included in the Q"? Ha-mra-san graha. 

In considering the work, the reader naturally repeats to him¬ 
self the great questions that are so often raised :—How much of 
this Hindu treatment is original P What evidences are there here 
of Grreek influence ? What relation was there between the 
great mathematical centres of India ? What is the distinctive 
feature, if any, of the Hindu algebraic theory ? 

Such questions are not new. Davis and Strachey, Colebrooke 
and Taylor, all raised similar ones a century ago, and they are by 
no means satisfactorily answered even yet. Nevertheless , we 
are making good progress towards their satisfactory solution in 
the not too distant future. The past century has seen several 



INTSODUOTION. 


XXI 


Chinese and Japanese mathematical works'"'made more or loss 
familiar to the West; and the more important Arab treatises are 
now quite satisfactorily known. Various editions of Bhaskara 
have appeared in India ; and in general the great treatises of'the 
Orient have begun to be subjected to critical studyIt would ho 
strange, therefore, if we were not in a position to weigh, up. with 
more certainty than before, the claims of the Hindu algebra. 
Certainly the persevering work of Professor Rahg&carya has made 
this more possible than ever before. 

As to the relation between the East and the West, we should 
now be in a position to say rather definitely that there is no 
evidence of any considerable influence of Greek algebra upon 
that of India. The two subjects were radically different. It is 
true that Diophantus lived about two centuries before the first 
Aryabhata, that the paths of trade were open from the West to 
the East, and that the itinerant scholar undoubtedly carried 
learning from place to plaoe. But the spirit of Diophantus, 
showing itself in a dawning symbolism and in a peculiar type of 
equation, is not seen at all in the works of the East. None of his 
problems, not a trace of his symbolism, and not a bit of his phraseo¬ 
logy appear in the works of any Indian writer on algebra. On 
the contrary, the Hindu works have a style and a range of topics 
peculiarly their own. Their problems lack the cold, clear, 
geometric precision of the West; they are clothed in that poetic 
language which distinguishes the East, and they relate to subjects 
that find no place in the scientific books of the Greeks. With 
perhaps the single exception of Metrodorus, it is only when we 
come to the puzzle problems doubtfully attributed to Alonin that 
we find anything in the West which resembles, even in a slight 
degree, the work of Atcuiu’s Indian contemporary, the author of 
this treatise. 

It therefore seems only fair to Bay that, although some knowl¬ 
edge of the scientific work of any one nation would, even in 
those remote times, naturally have been carried to other peoples 
by some wandering savant, we have nothing in the writings of 
the Hindu algebraists to show any direct influence of the West 
upon their problems or tbeir theories. 



When we come to the question of the relation between the 
different sections of the East, however, we meet with more 
difficulty- What were the relations, for example, between the 
school of Patallputra, where Aryabhata wrote, and that of IJj jam, 
where both Brahmagupta and Bhaskara lived and taught P And 
what was the relation of each of these to the school down in 
South India, which produced this notable treatise of Mahavira- 
oarya ? And, a still more interesting question is, what can we say 
of the influence exerted on China by Hindu scholars, or vice 
versa ? When we find one set of early inscriptions, those at Nana 
Gh&t, using the first three Chinese numerals, and another of about 
the same period using the later forms of Mesopotamia, we ieei 
that both China and the West may have influenced Hindu science. 
When, on the other hand, we consider the problems of the great 
trio of Chinese algebraists of the thirteenth century, Oh’in Chiu- 
sh&ng, Li Yeh, and Ohu Shihchieh, we feel that Hindu algebra 
must have haiji no small influence upon the North of Asia, although 
it must be said that in point of theory the Chinese of that period 
naturally surpassed the earlier writers of India. 

f phe answer to the questions as to the relation between the 
schools of India cannot yet bo easily given. At first it would seem, a 
simple matter to compare the terafcises of the three or four great 
algebraists and to note the similarities and differences. When 
this is done, however, the result seams to be that the works of 
Brahmagupta, Mahaviracarya, and Bhaskara may be desoribed as *, 
similar in spirit but entirely different in detail. Bor example, 
all of these writers treat of the areas of polygons, but Mahavira¬ 
carya is the only one to make any point; of those that are re-ent¬ 
rant. All of them touch upon the area of a segment of a circle, 
but all give different rules. The so-called janya operation (page 
209) is akin to work found in Brahmagupta, and yet none of the 
problems is the same. The shadow problems, primitive cases of 
trigonometry and gnomonios, suggest a similarity among these 
three great writers, and yet those of Mah&vlrdoarja are much 
better than the one to be found in either Brahmagupta or 
Bhaskara, and no questions are duplicated. 
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In the way of similarity, both Brahmagupta and MahavirtV 
oftrya give the ^formula for the area of a quadrilateral, 

V($—a) ( s ~ b ) (*— e ) ( s — d ) 

—but neither one observes that it holds only for a oyelfc 
figure. A few problems also show some similarity such as 
that of the broken tree* the one about the anchorites, and the 
common one relating tc the lotus iu the pond, but these prove 
only that a,11 writers recognized eertain stock problems in the 
East, as we generally do to-day in the West. But as already 
stated, the similarity is in general that of spirit rather than of 
detail, and there is no evidence of auy close following of one 
writer by another. 

When it comes to geometry there is naturally more evidence 
of Western influence. India seems never to have independently 
developed anything that was specially worthy in this science. 
Brahmagupta and Mahaviracarya both use the same incorrect 
rules for the area of a triangle and quadrilateral that is found in the 
Egyptian treatise of Abmes. So while they seem to have been 
influenced by Western learning, this learning as it reached India 
could have been only the simplest. These rules had long since 
been shown by Greek scholars to be incorrect, and it seems not 
unlikely that a primitive geometry of Mesopotamia reached out 
both to Egypt, and to India with the result of perpetuating these 
errors. It has to be borne in mind, however, that Mahavir&c&rya 
gives correct rales also for the area of a triangle as well 
as of a quadrilateral without indicating that the quadrilateral 
has to be cyclic. As to the ratio of the circumference to the 
diameter, both Brahmagupta and Mabavlracarya used the old 
Semitic value 3, both giving also VTO as a closer approximation, 
and neither one was aware of the works of Archimedes or of 
Heron. That Aryabhata gave 3'1416 as the value of this ratio 
is well known, although it seems doubtful how far he used it 
himself. On the whole the geometry of India seems rather Baby¬ 
lonian than Greek. This,* at any rate, is the inference th&t one 
would draw from the works of the writers thus far known. 

As to the relations between the Indian and the Chinese algebra, 
it is too early to speak ‘with much certainty. In the matter of 




problems there is a similarity in spirit, but we have not yet enough 
translations from the Chinese.to trace any close resemblance. In 
each case the questions proposed are radically different from those 
found commonly in the West, and we must conolude that the 
algebraio taste, the purpose, and the method were all distinot in 
the two great divisions of the world as then known. Rather than 
assert that the Oriental algebra was influenced by the Occidental, 
-we should say that the reverse was the ease. Bagdad, subjected 
to the influence of both the East and the West, transmitted more 
to Europe than it did to India. Leonardo Fibonacci, for example, 
shows much more of the Oriental influence than .Bhaskara, who 
-was practically his contemporary, shows of the Occidental. 

Professor Raiigacarr a has, therefore, by his great contribution 
to the history of mathematics confirmed the view already taking 
rather concrete form, that India developed an algebra of her own; 
that this algebra was sot forth by several writers all imbued with 
the same spirit, but all reasonably independent of one another ; 
that India influenced Kurope in the matter of algebra, more than 
it was influenced in return ; that there was no native geometry 
really worthy of the name; that trigonometry was praotically 
non-existent save as imported from ihe Greek astronomers ; 
and that whatever of geometry was developed came probably from 
Mesopotamia rather than from Greeoe. His labours have revealed 
to the world a writer almost unknown to European scholars, and 
a work that is in many respects the most scholarly of any to be 
found in Indian mathemetical literature. They have given us 
further evidence of the fact that Oriental mathematics lacks the 
oold logic, the consecutive arrangement, an l the abstract character 
of Greek mathematics, but tliat it possesses a richness of imagin¬ 
ation, an interest in problem-setting, and poetry, all of which are 
lacking in the treatises of the West, although abounding in tbe 
works of China and Japan. If, now, his labours shall lead others 
to bring to light and set forth more and more of the classics of 
the East, and in particular those of early and mediseval China., the 
world will be to a still larger extent his debtor. 
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T%T^fr*T fTWI? *T 1 %TOT- 1 

area 'rf&rar tfRtfffH II Hll 

^T^IwP-TY $ 'TT^^fs’^lW I 



II H® II 


o 


K#SrwwTt i 

II 'i\ II 

frsngsfbfaima; i 

II Wl 

q?^qT^nwffmfcTl ii w ii 


«FT FTfTf i 


R- sfrf flfHTT f^I I 

II \* II 

q 5 r ftswfawr i 

sRSIsrarf^farht *JT *T STlfr H 1 

II ^ II 

fI - 

q’^qsFpqifqf II II 

^1 m^FT ^ fT^S*T S I 

wt n 11 

M and B ^ °. 2 K ^flPHmT # . 


M ^ (Probably a scribe's mistake for c^). 
» P 3J, 6 K and P tff* 

» X* and B— 


* M sad B ?T^<»i 
i M and B cf\ 


»p. ft. 







tim: II ^ if 

<9 'o 

<?T^? % 4 \ fctffW I 

^RT^Jssff^^R.11 \° ii 

«fM ^TPRIf: I 

^ ^#Wfi q*?!^ It \ \ H 

m gn^f^r«n i 

*TRR I 

W II V* II 

555R-H ^('fTWIT%sTcfI ^ || II 

«r£rf*r gffer f^r«i i 

WlRsnt#: w; V! it j rm ?«$ n \a n 
•sgifcrs&T ^7ii%f^#rm *rcnt i 
W sim*T ’IPPIW: ^XH, II u II 

m 

«T«r ^PTTK^f I 

Wt fSfT ^?u 
STOf^ XWWmzm. II K li 
irpft t 

rcrt) *njfH3|or t * \\\* u 

» If l*tf. 1 K and B ^ » K 3T, 




^ 33 °n W- q* TOffo? I 
$?r: qi fsffe f%*rFT^ ‘ II \< II 

m gspfa/frpn i 

^3fMlDg%^rf Jprf: T*f 'Tofisg ^ | 

'ROT ¥$: ^c? SfpfojsqH II H II 

m i 

srprsfrr gl^i *nwsj>: 1 

qre te ' &H m rot *#*!«& 11 »« 11 

*Vt Zfrt: vmw& : ^1 

qpmFfa RgwfWRFtf^?j: 11 «\ 11 

3 ?*T I 

§S$| 5 TW W?PW£ 5 Tl m- I 

^«i|f^TRqf^T*Tts?rT^ ^srqq; H A 11 
OTT ^RfT 5 Wtftff®T: 1 

^ ^ a o 

st CfRKi tf¥ ^TfcRT 3 ^lts 5 r fjjq: II 'A II 

1 For the whole of ^F^FnftsTTTTj P and B add whut :ia given below as a intheT 
reading and Mhas it in the origina.3 with the variations which are ©nolosed in 
bra eke ta. 

aTTOT %z\\m m ; \ 

jcf^rir nvft ?Tfr: ^rfr *ifar (m:*) n 

||||k 

<$<pr: trftRfWff n) 
spiral m: w 1 

yqww rcRgnq Ow«*Wfa: f«r:)^lillm^?ni 

S M 


• In B alto. 






<SL 




g®T w gw vk' : ?Tfwgw it »» » 

^ry-c^orl'^Dfif s^tssf*?^ fwit: i 

gftsVFFtf *nr<^* mi : it as II 

m ^^TPTIR I 

»n^[ goigjRtsw srrgrq^tsf^ ciytrU 
fi^n H H I' 

it fTI«R W «R: I 

SRJTtf rffi'RS' tfFR ^ *'® II 

SWfftfcW e gil» agfltflMfcipPl I 

m m 3 m?rpreRR#r n *< u 

aPTjq WJTof^m^?imF ? Ilt«R|. I 

cTTPfcf: ?iRt: R tflSR^Flft 3fl I 

flRSI^ ReRTTt : R *fl*t ^ II II 

^qq{^q|sff?T ^ I 

^OT ^ II S° H 

srot^^WR! Wl I 

3jjcq vq^fqit *T3T: ROT *TI«T *R irlg II ^ \ II 

vjq qqofqiljTT Rof *B*TI<1 I 
3£<JT R^cTTSai^f ARRIS' II \\ II 

m I 

tRft w%% m^r i 

%t f |*?3 yrifsr ^w*rc: t M n 


i M f = M ffc. *. M R^Tc^Ta^R. 

‘ Stenses 63 to 68 ocour only in M, and are glv en here, though erroneous 
here and there, as found in the original. 

* Used bore in the 4th conjugation, active voice, 
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fcf*T<P[ ?TfTOT! ^ ffapf ^ PITOT Il K 'I 
3TT3FRT JPR 9^WRV R 5Rt T^C I 
3RfrPP#^r ^ ftfc Sfajl ^ II 

3T*J ^TPPTH# I 

r?zp | 5P-TTOR fspft'7 ^TPftFfW I 

imfattQ ^ 5 II ^ II 

vm ^mifR to ^ I 

p?rc 5 sTO ^rtfs^ro IK« ii 



«t| 4 ^gts «j§£ gr^i ^ ii i<\ ii 

*3# srqrf^^qist JffJ# 

W #3f qfT<?^ 5 || ^ u 

sfaft awr! %?r *?frwr i 

‘Ti 5W^f Wff *TfRT§ 3 !^!, II is II 

f^FT%ifft*?R 5?f ri$r?rr i 

$r>? <TfT$n4 ii i<r » 

i 

aiq 7TOF^goTR^^oig N t 
5^T%I^frJTT55mfor«rRofhll: i 
sm^^rfMTt^^tsg-rf^^q: ii ^ u 
♦ , 

?ra ftsn frm^R 'Hrf%rrr gf^gwf •■ i 

era^ qftw: qr^lJ vso || 

srm *rrmi% JTforw^TT# rtrcmr^ ^ wit>^it 

vtwti: ii 


i 
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ffr: V ufajififarp ^-TiTS^^fT^rfF^Tir: 1 

Sf?5?q^: I 

m 1 sr*w ircg^qfT^^FT sRor$*r w— 

L 2^ ijwttNijW 3 mw*i i 

I 

m^wr i 

JWtffar ^tTT^TF^T^t"?? JfT{% II ^ || 

*3 ^T%q-g| Sg|: | 

^ n s, it 

^T%* T^TW III >m *T<W II 8 II 

ffHTWT^VTWT l%JT|t H^tTTFT | 

?T|ft wm II <\ II 

^frr^rfrT^TcTgsrrfm^ | 

i%| || $ || 


' K ?T^ ••?. * K and B rV^4t*ft mff. 3 K and B Sf^rT. 

‘ B W ft ' B ! TC*Tr 6 B ^TfTFT ^frT n^RT^. 

■ M and B sr^?5I3?m Wf^f. . * M ^\:. 

’ M ?r fft>*rerc*g;. i° m Twr%. 

11 M 3|ff;^5TcTgfr w rf f%*J, '- Thit, stanza is found only in M Hid B„ 

2 









MI MSTfy 



W ^%tfhim*Ui * if 

TOT C H ‘ I 

fNmften *prfaiiw a ^f% ii < ii 

TOFT I 

Tf^orftf^T if y«nr ORIRf^FFT II S, II 

W*? : *E§ fT^RTll 

arHrfofT^: ^r%t HTRi^RFs^morm 11 \° w 
^?f5fgj WjjBr HR =sf!f1 Rirlf^u 
3fq^r^T?H^%t ^05!HTmi^Tfl,ll U 11 

s3 

3?$H 5 3WH! aP-T^? T^Ps^TRTOTR II \ \ II 

at&R % JpTf^f aF«T?T m ?rH^F5^W>JI«J II \ \ II 

H«N ROTgmRJT I 

RJ#3 RUFTf&rRR ^Tf^TW T%^ II \« II 

rh *]«? J -m wi T ?^F i * rtMsttr.i 

SWHH fiH ffVq II \ \ II 

O * 

Rf&I^ § ^RETRT gp-f Hf^TT HT°TrTfar§d| II \ i || 



J M and B ftRcFFT. s 11 «flf. 3 M Rff. 5 * 7 M fl ?fr£fqr. 

■* B « Stanzas from 10 to 15 are found only in M and B. 

7 All t he MSS. road $f|t$T 8 B %. 

io AH the MSB. give the metrically erroneous reading i 
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preriq ifftonsr TTT^TWT^JJJ 

5#5Ff&5^T n^gsppj qTRT || II 
ff?t H*R: ^*TTH II 


WTpf: I 

>/ * *m qpsqqp q*??|WR qPTftfq I 
^Tiqqcfltf^^TT *n*T II \< II 

arq an— 

q%Fr*mwT mqfftor i 

fsRR ?wft #•’ II K II 

3T#,^: I 

CPHTTOT^t gRq%?T ^ qgtBR I 

#S3TT jf^Rq II X® II 

^Rqqpna^f^RTfq qR^Tfa qq i 

qTTI%^Tfq^cpfqf^f JRiqsq || \\ || 
f^r^Tff^rT fflrTepfqffcrqq I 
qq^H^n q^#rK rt 55®q&Rq 11 ^ n 
1 q^rt qRTR^T^qf^^TcTgq fife 1 
;rqHHffan#ri ^tT T^tT f¥rf^qi: II H 1 1 

1 This stanza is not- found in P. 2 K 8 M ^TfS^ft 

* This stanza is not found in P. 5 B R ™1 K %m. 










raf?r w\ m ii \ a n 

S^fw^^Tf^^TrTfTT^T^^Hf^FfF 1 

^Rfnfanta srffmW n \ \ u 

fori wf^TdlFrm^si I 

mm Mi^nj M^Rd-sgr fejj $yr?r 11 tt n 

3 ^ri^wrrTFT ^oi ^tfp m i 

Ff5T3F^^f(^^t|fTF^^»TF: $f: II ^ I 

^ERFfartTF i 
TSTF ^flTR f^FT^FT 
5EF^TFr JfrMW’F II ^< II 
FF^IIpI! flfrfFTl FFTF ?FTR: II 


Mr 


^ efffh# w— 

wr m #S3# i 

II ^ II 


3 M reads the problem contained in this stanza thus .* 

T?rrf^-w: S3 i 

• This stanza is found only in M. 

5 * Mw, stwror. i 










fat f^’TOTR RRf$RT atf: I! \° II 

f«?T#«R%f|[5orR9T5mR I 

$NigW$T tftytet 3$ II \\ II 
«r^l^T5F: I 

^ift^TRRI H^TRf TlRf'nrSRTl I 

o 

zmww II \\ II 

meif^T^rft ^Wf#^[%q?5?»cfSFT I 
fibril ^wfRsrT ^fen f% m M* n 
^iir2^5fior?r^TT®rf wrmnmRoTR i 

st*r m *i*rt ^ ^ ii \v ti 

fr#r 

HHHfT swg 1 

srf^n ^w-m wii 

fff R *t RJT3> JjOR?tfforsq II \\ II 

SR <#fRR'STT 3%RTH: II 

I 

s^r^qfr^4i% ^$5 ^tt— 
9T ? ?fNTI^f^!W^ TS^foi^r gRf^ 1 

^^ftRTT^TlSr fl^OT^ ^r^55^)J II II 

1 K K and B trf^fRWrfRW. 






ViO«f j0 





SRtftnFJ I 

'^TRWcTFTt etf*FTRI *T<?TO S *£#t 


?5?m^g-^Toni II || 


ff^q^q^Tafq ^trigr^q n \<r u 

% J7*w || ^ || 

^Tf®^JT^g?^FT?5?T||m^TJT|T^fl[?n9 I 

^ ^ %9 II »<> II 

SRWTO ^®ramW? Wte tffaxU | 

s*ra*$2Rsnft ?r# ^tr^tii v\ ii 

^TfWjfT^^TfTI'Jrt 
#RrT%%^RT¥rFWTToirg i 

*$ wnsiflfRm ii v\ ii 

if FT ^?4 #$# ffSTTPJ || 


V ?T : I 


vm sRqfWfor ?w — 

^^Tfm^^TT^ST^m^TiftTErFTt i 
3T?q5TVw^T %FTll V\ II 

i^r^r^T^sT^rwq^i^isq i 

s^Sf^i^^sq^f^TET 5TTII a» II 

Vefjff^gt^ I# TTRT sfa TTfOT^I 
5T%^*TW1%3WT^ SRI*?# || *&. || 


1 t> and M ^’FTrTRT 0\ti H-Tff^^qT^rr^fr^rq I H * 1 ? R c 

1 M •W. 3 This stanza is not found in P- 
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l%fpn | 

aa'W fl^a*e#Tf^TT%TT II «< II 
‘ 3t??tr7 hr: $#rft frf tfjgfari 3T I 

^3#^*F3Tfm F4F%UFf«ra^ farft: II »« y 

s^TOT^: I 

'^prf^raF-tRT a^TRT %RW*?TN I 

EFT ?5Cf555^f«T II 8<” |) 

IffT^^ffTf ^FrfnTftHf R^f^OTRR I 
«T? |f4 !• '<K II 

T^T^^rffSq sns: : j fS|«Tfr I 

aPFF'f^Rr^aq#^: 'T^gmrTW 11 «v| II 

r A 

^TffRerw^tfi ^gtr4i# *ft i 

^ff^PTlSF^fOTrT ?T# c 4vm II M II 

Hf^Tf: bM fofrffa If aCf^i I 

RfW 555^1^1 ^WR^R- 
a^KFrRRRRF^? II Vi II 

?R qp^%‘#T wft eRFFTTW: II 

i M °^f*r 2 m Jfr 3r. 

3 This stanza is omitted in M, £ he foilowing ii**** is found a? a ’TfSFflT 
in P, K and B ; though not quite explicit, it mentions two of the processes a bore 
described : — 

fa'fwy’frs^^ g^rrjiffwgforcTf t 

3“c?rr4 faw fajjwr wwnil n 

1 Instead of stanzas 48 and 49, M reads 

TTgRn\^FcrT5TT w<»rr i 






aT^q^qfTOqS^RfJ^ffrfaT^ RSq I 

ent^Tf«n STt^ Epfcq eprq II \\ || 

'sR^F k mk qqq^Sff ST^RJORTTO: I 
qlfsrqqiH^^T^IH^^r ^RSTOf: || ^ » || 

I 

^iRTOrtR} «RF*Rf ^RT^rsEfr^rq i 
’ qTO^flf^SRTOJTR *%f RR II <\<\ II 

qf^qq^TH^JR-Rf I 

1 ^5 qfrq qfjj ii m \\ 

f&rftf^pRq Sf5qr ii <<* n 

TO *R*J5*I \ 

qciq^ffqiTqi^RTS5Eq?qT^?^q^m^ || \i? (( 

qfTO%q#l<3m1r^R%qR qor ^q i 
^qrr^qqq^R^^I^^^TOT^ ii ^ ii 

qi?r?q-{?Hrrqi ? qiwi^tq3Tr^r- 

fs^^qsr'T^sq^f^r-1 

<rr} 

*tm nfacf^rt^R 0 qfi«=q ii f o ii 

ffq qfVg»^T>H w to® qqigq u 

1 This stanza is not found in M. ., ’ M f/rfJ", s Al TffT. 

4 M wrf *. 


' This stanza i* nut found in M 






fffl wt — 

^qofHI *r^il vrwnf^crt m -1 
h^ot ^jTcq^RWfM *mt 11 t \ ft 

Hq»|TR>Of — 

* 1 * 8 : H^qjDTT i 

]&m- ti 

g—• 

sq^q^i'lfrqqqort n^: t 
sfrm ‘fr^qmt g&wn# n <n n 

^?cWTrrfc-qHpT^qJTRqq^rqq~ - . 

’^rogfaf#^ «wriw <^#TFf$g \ 

*r*wr (Tfq^wg^er n ^ u 

ST^T^: 1 

^rft?w^?ir«nqfR , qqTwq^qr% sregr \ 
stf&rsfr w ^t »r*OTsNt flffi&rci^ssq n %<\ n 
fsg#qq^foiR: ^fq^'fTTff: ^T«TcL i 

WtfMfaf m\ fff^I afl qf&TcTff II u II 

anf^wwls# n^srqT-sft $$or i 
arr ^H^irvi^i^^l *t<w wn w?, u ^ h 

qq'f^i w<?f%<ir qf%g i 

qfacmswgmSr qifV^r & wi#Mi n i< h 

1 M sTfJtt Ij'wm ffrr: 5TO3T: I 

This stanza is omitted in M . * M SfOT. 






’T^T^T^RfTsrg-— 

*fc? wj^f^Tlw w# w: if $3. II 

^ ^wfH ^wif^nt :j r^; ii «® ii 

«T3rt£tr^: ii 

iSTTf^gfl *rspfts$ 5r W-mi ^qir^ms:^ I 

c 

w# #|f?r frem #r >*f&\ ii *\ h 

m% ’T'f fiTfrtW? ^t JT^: | 

*rhwi ^4isg1 ri i% ^irf ii ^ ii 

3ftff|| TO i 

5TORfT^T#r *TFH ^fl%t to: II 3? II 

TOftW | 

^frTTOT^ TO-f: l| *# II 

H^RFrT^ra^TcrH^g^g^g — 
fg£tT ?t jfcWT WfcT {l^fmilt^T I 
TOWT^FT fSRI^lft H ^ II 
»r^fft ^rcftcr*r%r i 
^ grqvr *t* 5TTI%W w. II «£ || 






3T5r^T3T: I 

W ^ ?fjqq || 'a^s || 

^ei^TOHqJTfirsrq;— 

?TfM mm wj toU^ ss* i 
^fa»?IKW II vac' || 

3T#T|RT^: I 

^nfNiTf«^n- WTff #Rm TOM I 

TOSrqqsTHcff^ c|>qq j| |j 

3tTTOT tftpt q^JTOT f?q?R Pf5 | 
fitWqq «3ia^qn^ qUT^-Rfqor II '<o || 

HTT^^T fw ^TI^'? ; ?f%|0Tfi 7 l r ^ I 

t%?r m wi wwrw 3^ «£ n <?x n 
HW^qWi swq^flrilf^ssv; i 

?Tt Timw qq^sRorfa? fr&ritf ii ^ii 

3T^T^: | 

m sm w? to q# q q |f| ii <r\ n 

> m famm *m *mnwfsr. 

* M - qsftqqwf^^ ^ » 

*m wwm sw .nf t$ u 






MIN isrff 
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W 


srgfrote'F fts rr?sre*Tmftff srqq;1 
^fSf^’pr Wq'T ’ II n 


«T3C$W I 


Fr^ 5 53f«rcarr^«rF%|^5^ rFi ftgor^i 

f f| ii <T'a ii 


— 

%[f^f W^WSlt I 

g^qTrtfFFq^il;#gq?qTcF' 4 f^iTi *qq: ii <r\ \\ 




wswgqr mF*Rg i 

^r ^ q®r^ fqwq n <* it 

imWT^Tq^qt^fFrF3FfqTrn rffw ? 

«n%oFmqffl $*w & 3 ^TT^rfr^nw^T ii ^<r n 

3mqT%*FF^“^qqq^TTTRqq^qq™ 



qi"R: I 


g^r# fte ^mqFig h |<ui 




^iT^qfqqi^^Ffqqqq^qHqqTqrq i 

qqqqq^Rf qq^fTRt ?QJ gRTF #IK» II 


> it goRmT^mwrqr:. 3 m yr\ s m in^tafrra^ i 
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3Tf%fr3^^q^TTq^W3}^r^t?t Htfi: I 

TT^T*} ^T ST3f% XRg^RR li \ \ II 

araitsrer: I 

^J» R*H*TTRtta>[ XXRX?n -IT 'TTXRR | 

^#tttr ^wrRfw jrmnswui^i^ ti ^ u 

m gow^oRTff^fr^qtw^^-— 

1 to ctxr^r i 

^rjotrsto 3WfTfl%ff frtrtqig; ii ^3 II 

3®R|f!3>?f ar-xxft — 

x#)ff|§ w I 

ww*: xnrnrt tft&tfimfommqji *a n 

gWflffom^SRR^ XWfTw.ffXRX* # *j=pj— 

fWffaflWH mt^'XR pi % ' ;m i 
(Tguijtff g#T ^#TtF{3T[^r; !! Cs II 

srfe $far fcfwr mvi ^ metier i 
*r: g^SFTTr^ Wi iVfejTIW II «U II 

£n«R¥Tlf tTCR<R£ 5R — 

3®PRRTXI%5TtR qf’TXfaxX'WJT IT ^ | 

JT^J^OTEFfcTJTfcT 3(%fT ffhmq: II ^ II 


1 M TfH%fcT. 







ff^T gift? wt i 

w-rtssr s^i^Ffri^Fj. *T^#r fw^f n %<* 11 

fFFqwn%'t?j ,l T wwirt: qr'wt 1 
irrm^CTrft-- ^'% smr^q rf Rfrf; u n 

1% q?T qfoR I 

II ?®o II 

3TW5R primer ^FfcT Wf( qq: I 
^^fgi%W.3ftr5W: II ?°? II 

1 

{qfjqpsrqq: 1 
w T%3 II M II 

o w 

gamfT^ *1^ RRqqq — 
ir^jron^qFq smq??r ^q?rqd fqfni i 
qfq?^ 3TW g®R II II 

arqil'w: I 

f=T5T^T£f H?m frit HHcpcr^lH^fT ! 

*msri »rft fr# i%qr^ mw vviwm n t*$ n 

qwn? i%*pr ^3T|Tfcr^fR|w 1 "^§ 









.to? iVth m 11 
%w 'rfWfaft h|M emmq ii 


sg^r^Ei 

ar^q agsi»&?nto$i®r ^?ar?jq w — 

fH 31^4 mm.! 

^&*rs^T[%w \°K II 

VT^TTm>T ^cq?tm^^Fmr>-'f ? :;qf^i;r - 

%#r mf <t ^frrPmg i 

pTO^I^FT sqc^T #c;T^tTHR II ?«V9 || 
=qqqoT3Tqs^ccpf55qqqfqq^ ag^&ffqRR? 3t3gq %H 

^ ^ *j*s— 

« smgrfM »pfa4 *r i 
a>rcf -sriq^ qm n {*<: n 
^T^TOPranrog^-- 

mg; ?iw i 

TOT W3( m#S !t \o^ !' 

jpigfagsft qqr^t w% qqrsqmfr«r«# i 
Sm^ftlWi f rmfmmPI Hqgm ii H ? II 










Hmsrky 




^ ; # i 

^ f%3gc^[^rT II VH II 

TOrf^Bt ST^f%=f «T|f?T: 

<F? W TOT I 

pTIT^TH 3 7»IW 

ff? $f om: I%qig II WR II 

ij~^: sr^%g\ flgoTfTPRr cffT^ | 

«k pw ^g^qti it \\\ si 
3TS3n%Tf%TlT^f ^Tlft %^Tf=f <^{J 
?siR ii u» n 


gors^r^ff^ifm— 

TOsrgoft s>ft- 

Isr i 

mm n?mm ms 

II l? Ml 

?r?i 5^g?ar tfiriERji 

wrcfcft mmi?l[ w$jeffcrm§w m<ff wmkmi 
*«*«?! mw- it 


‘M Iff. 







stto* *raw it \ 

M ^#3# ft#ITO frR[q: II 

P^sfc^sf: I 

m ftsraffcw q*?r -- 

. 5®I^THfr#mrr ^fecT ?7T? ?faH I- 
^^T^sr^ferf^^N <r T^wi? ii h ii 
snfHfrW i 

9]03sn: 'T^r 55*# qai^ ?T; 3 * 5 *: | 

|%*WT Jiff ff# R moR || ^ II 

#%T 'RRR TO FHIWffRT^l m I 
rR *#t% f?q gR || « ll 

^RTRsfar 55*# FTW# ’TWFT I t TRRfT: I 
%fvf: ^f|H^: T% TOT^IW JjarftRT H « || 

^'f’JTTTrf < #R ^TqJJ5f[T^^^^Ti^F m I 
rR <4: RW 3»*FT # 1% FH?T*# II $ II 

STR# 

R7R# SJTOT ^T: $T: 1 
ft g# WV5T. 

sflf <R 3JOT# £#!#: II V9 || 

?# PrffjoRFiT: t 


1 This ibtanzn is omitted in T\ 


■ M # • 


11373 











faSRTOgit: I 

ftremrofft grToifl-sr qqj — 

JPITTOl^fT: mm I 

’rftmt&samd iWi%it m m>mw wmtft 11 < 

ST^Tf: | 

%fr: *»$$(# JfRRIsr I 

<ra$ f^oi^r mm f% mi n vil 

3FRT: :g$||| fag&R Wf fSRffa^TFT | 
3-q^ m 3^%?t <r&r W <m ii ■? o it 

Wr^«T5^%^I ^ftFT^q: | 

mm m f^%5T 'tfft f% m n U 11 

^tfrCT#3!%gsffs*rr 

fr^m?r ilrcrqit: 
r% ns m <tfg ?$g n n 11 

Fr?rorcff; i 

f%?rsf^r%.ci5^^g95iT% ii 
fa?rafa%cm^s&g 5F^5 q«rr — 
^l^RT3>*Tr: ^f<mcp|$ m *r mmx i 
w%# ii \\ ii 










3T5?farc»: I 

after! i 

fl|^i^pT^^^Tc|#r =ar mrBRWji U I! 

i 

?? trf-Wfajirffat 

TOj $ m *M5nmv?r 11 r <^ n 

*f?|%^T?:pRq ==? sR#^c5 n'W *PJT ^ffETtf. |j \ § || 
FT# m TT^T^T #rrfT ^ 

%*t ^ promts* f% i 
'rwteiprT 

t* 

lit ri r ®r%$<£ rCtpt ii to ii 

^'TTRRPNRT: Wf^’PFRRR'HRfgt^TT: I 

S¥l R«wfoi S*?S£ e«Pig^ ^TOT^F «RH II \< II 

MT^3«r^s?r?rcrt 

ltfms^%5r $T*m: | 

RfRrg cf^twr 

W f*fa R?Ri$ rI^ II ^ || 

' q^RH^TcTiRt mTTRTRgRrBRTl || ^ || . 


m fprsfWWtPf to u 











®\ -O * 

3^T3T?raq$5gfff^r- 
WN 5If^im: II W II 

?ft T%T^^^Rg55TFT 11 

i 

fasmffaft ^ D r?5 *r*n — 

jt^ct wrfcr^ i 

sref! ftmrfiii ^ ii 

. SRTT^W: I 

gw TO; i 

i\ Wrf^Ki^- t^t Ff> n is 

3T#. ^151%RW q^ftim^RT: I 

^TffT iCt ftltfatf WH^FlSr %\ f^m: II 'Vi II 

gwm^g. i 

jpwft far\ ?Nt 3PTf ^ |j|. 11 1) 

3T5t%rq»: I 

1 q^Frw fs^r^fr ^wr^fr m^. \ 

«nr gww^g^iFf ii n 


1 This sUnra is not found in M. 





*r*CT: STWcHW *f#TffTfPT<T : I 

^jT%**ra#?m fn ^ i 
T^^I H$ H *N3 II \* II 

cgm^gsR f&e a?sreq?nf®3 to; i 
ntwswn snwt * 3 4 5 *pT5TTOgT%Tf^r \\ \% n 
3T5fft^F- i 

5T ^ ; I 

f=sgi^f^ FfTSfc^q ff# ^T g^TRW II f° II 

WRiT^g^^^TTgi^T vi §m\ 

I%tT % ^HTT%: aRTf^ft II \\ II 

’■ f$«feT: TOT w^rsrg^W l 

gjTfW gl^TT^RffW H ^ II 

5® TOff l ffi tor wim j t^ ; ii ii 

1 m nwnffmFm^**: t 1 vr 

5 m sw^rrfw^um:. 

4 This stanza takes the place of stanza No* 31 iu M and is omitted ?n B. 

5 Instead of the following two stanzas M reads $£- 

3THcT^: and repeats stanza No. 70 giver, under 







%0T^^0T^T|xrT^^i^T^^r^crTfi: \ 

*$ ST^fT ft =f I I ii li 

3T^T^:. I 

ftTW ^ fsrjOT^TOT^T^ TO: 

to; q^mRT: wfq jf 
f^rar#*TT# fqq || qt ^frsfqqqf: 11 \v it 

snifT^F^R^q.— 

1 ii=53i Hqiqqqi^iqqt^^^iq^foiqqqCw*? i 

TOfroroT^ to*t: ii %$ u 

Wt?R: I 

%q^TRT|%^^- I 

fqfT 5q^rqc|:q^q|?qJT# ^ TO g*t II \>*. II 

fw^^^q^TTffr^q^qfirgaTfqgiirfl^FriqqiqqJTiJTq- 

VO-' . 

5%|rqf?fr q=E^gprt I 

mto; ii %< ii 

«ptt^t^: i 

wf^ori^Tpwt 5 qfmffT> ft to ft? t 

ii H' n; 


> K and B ^ fH^tTWq. 
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fTOfflw (ftl#T|rLI! 8® II 
gWfforTr^^!^ dftif^ g=R— 

gom *?erm i 

^org^ gi?R 8^ II 

3T#1W*>: I 

mn\s2H^fr- *m: w <r?^ fJigforarg;j 
gwfiifr fRqpflWf' *tf^ * ^ffar^u a* it 

Jj^S WT^rf^sr 2^TT<i^rg<TR-«rj i 

.fH^f^rqntgDT g?t n v\ n 

3T#ff3T^: I 

*rfo*T&§#^' t ^R- >Ai*a rZrdki §&W 

^rfcmgwfafawr i ■>* 

^?RTtSf «r?5Tn% <F>'it tg- »• a *d& /t'-fo'*- n * '*■} 

§ l <THfl«cn%rTfT% II 8 8 II y/U-^ tjyJ^sk 

ffrf wircrff&T ii 

WHog^i^4j I 

crdth-* w — 

TOlfa^eftu ^wggtrrt fgf TT^T. I 
fprg^gw sgf^^r #gferi ^r ii a ii 


J Found only in B, 






mmmasm 


J|pff I m| si ' .v,i 

i “Mil 


rgq^fqfrJTqffi?r#T^5TH^i wtswrgn n 

■ s 


mmm 


3T5fj^T^: I 




TOT* <*? T%'TT?T9T^5ftW: I 

^ "^HFT: f% ffTO5*r II $<T i| 


ISi 

■lilpl 


wife 


Ins 


5T5T^T i <rw: ?TO$ yrtjf^: | 

WBfaRSte JTlTOil n II 

3T[lt«n|^^TJT: To qffeT3*T&TOT: I 

^Ttfj ®Tff I! <\o 

ISTCFt! TOi^T«Fr^qi^ 

Vi T%r: ^J^tg/r-sj: I 

^ r 'jS|TWHRf! fT r?H. 

cffTOTff TOTT%^TWT^Fft II 'a "{ || 

mmi * 3 ^ i 

fNfTOlsTOS ii av ii 


pIIm 


InKpf^i 

Kip 


1 ir : smq: i 

irqq^rr^q HTtPTO li 

• m ^ ^ M % sn?^e<t ?mt3R^«r. 


aHawBa SMsg.^- • 


iw 


*1 











jlfsTJfPT^regt ft- 

WTR ^Ng^WT?? ranjji w n 

ffrt II ' 




?fr: m ^nj^nff^Rl 1 -^ 

tfRHRRm srprspft 
wngw nfo£tM.s?r: i 
srprmt^fff 

w^i^ii-gsr $5994$ u •*« u 
^PM1%: I 
?*sr wrsTicfr ^^5 w— 

#?ft &r4\ % wRsnifi^l ii ^ ii 

tN'N^RT SssfRT ^Tffn T%^: #ffj^ | 
^I^igRfjR fmwt m} flT: || 'a$ II 


! K and It add after this P.m^'t nfrfrfr^T^ l-rtf f^fr^ ,- 
irn^:- This, however, seems to be a mistake. 

* ThiB and the stanza following ar8 not found in M* 










n *#» ii 

ftiwssw? 1 ®^ s%**ri 1 

srr^i w f% ^ %% ii <vl ii 

*nTTOT 1% I 

^ ii ii 

i%5rf^3rg^5TWTRw^Ti^^r«r i% ^ ?fapjji $° h 

fW: l 

fW^W^RTT: ^mWIf-TT: SB*# || $\ || 

T%?T?m: ^WWm: ^^wnpr: | 

f% m fore ii || n 

‘^^SRfTRmfiffrTJTW 1%^?? | 

o 

f% sfog || || 

^ ftgtapfo 

^°fe; m?f ffosp*^ i 


1 Stanzas No??, 67 and 68 are omitted in P. 

2 This stanza is found in K and B. 

8 f |an«ae 3* os. 63 and 64 are found in K and B, * M *pfj\ 


M 





WW’i # f^n?^TWlT^ ;{ TT- 

^' J T * 3 * T<JI^f^ 5 F^ i r?rfF^T>^ li $ » II 

1 anmgral i 

! (%^rrr: ^n*q^T*r§$f%qwqy: h ^ n 

s ^^175TqHJIf9TI ^qir^TT^T ft|3?R I 
3T<T ft® fTqyq^ ‘iTitfi^ilfoT^^ II ^ II 

vw*k*v ; v$ oj‘A ■■’ '■'■■ ' \' * 

i?#rtMT^w aro 3r^wfrf£qfe*r i 

^r#jffar ^ II ^ n 

q^%TWT?mnrft?sm i 

^rfhT^um^i #^t ^ 3^tct nqk^qj 

^T%?tr^^l^g:R^T%: fffiWRI II ^ I! 

sqf^cpi fTHfrr^’TIr^q Wf^ ^T TS^oir I 
fiWFT \\ II 

fri?T h^:t% 3T^TT argg. i 

srocq qj^r^gjof r ’yrjJT5ff9jf^qTT»T li II 


^WlfqrfT fwq -- 


tr^ qf^crpT tKtwqf?RWT^^qra;l 

qgmrrRWqpr: q755fT^itS^TK?F V$TS\: II ^ II 


1 This stanza is omitted in M 

3 This stanza is not found in M. 

8 ® tfirfT^nqm^. 


K». J _ _ _ 

2 B TW?T. 

4 FC and B qW 5 TT 3 TfsqTrT«T- 








36 qpJRRTWfg: 

‘WsrasiM icpUl#^ 

ifflttr' 

cT5?t^Tt59T W3fRii | • 

^^miRTgWfrTJF^NfiS^^T II 'a? || 

araftw i 

*qq^q>r^Tiq*r#Ti i 

SfTT#TORff mw. Isw: W || vs 8 || 

%'frcT?rl $q||- 

^CTtWRtot ^rarfersfarr f?n mmn r 

ii ^'a a 

3F4%r^: I 

wN *r#rt $^RTpr HP^r^riu 
isisTOTi ffwpr m # ?rt: »rPrafr n ^ u 

TqW4RRl H3R-— 

^ W^fFt ^ITCTT TOFI *RFT f ?T: i 

rqmwRq-Rrw? t^frn ^ ^ 11 ^ u 

^I^TRTTO'RTRf m ^>4rff ff5R— 

«58«F^: sP-Wq^?: fl^^S*qwP4J ; 
vil^H *5T#r f^TSs^: qR-|) va<r fj 

RR^Tqr: | 

HH^q^fqqqqqiq-^TNTHfP^I^TFR I 

§R q T ^; qg: ffqpTj: £ ftf: qrqq j| vj><> „ 


« is ^q^mPrirF ^5fi?rr?qi?^rq; i 






^ fsrgr- 

fni w: 1 

fTfTWfRTWF: II <F ° II 

ST^T^: > 

^qHFfSTFf TTCTfai % fTf||| I 

<u& ^*nwrrerg®fi ^ mra«RL ii <\ ii 

^7RTRR#WTFi — 

fgfftT ^gf^TT! TF^T^TT ^P-TT f| rT^TPT: I 
fiTsPTOTfrTWfl^cT'mi *RPT II II 

W.fRf mW\ ^ m ^ I 

SKtfiwr srqrftfr^t^i 5 n n 

q^Rf % ipn *? i 

Epmi^rar ii ii 

wfarfaT I^rtCt gqq— 

^rr 5 3Tf^RfK^ : 8 | 

^fr R w.ii ^ i! 

^ Wt 3#§fa: I 

^Tl ^YgRt 3T II 11 

1 Stanzas 83 and 84 are omitted in li. 








Tn^rTfrR'fJff: 

fr^r— •';'S¥^illlfiiiSl'S 

%t Iff: <S35Rf?r ! 

?STHgfa?Wt fT: TOq- 3 fff^gfTt: I! || 
3T5TTIW: I 

^Tfw^f wit: w *mi irstt qm; qtq:1 
W3TT q? il^frfffH^q^TaTqi^ qq I) <v n 

wiiTfrr^qi^r: qmTmffT: T^rm^ m -1 

i! n 

i 

qfr IRfq^r^TWRq Ftgfq: I 
TifTHt^ft qtirt qqsfsjtq q m li *>° 11 

<K 

^q^TijqiRT^q-fqSTt^T^qfqqqfqR I 

9i% w^Tm ^RTm ^ *Wt n <u it 

Rt^T^RTl qft qi^qiT% t^fr mTR II II 

^Rqiwfq^qifqqi — 

*pwf*tcirc;. ***** i 

fp? tfSTc^qt fl^Tfsj[%w?rr fwn«n: n «>*. n 

1 V and B add as another reading. 

3FS 'Eesftwai: ^wrtapf fastejf&mret: i 









I 

% m-- ^WI efl ^3#rrT: ll ^8 || 

^^cw^rNTfrfsr m ^ fe 

cTrl! ^SSfpTT^^ =q H 5 JJ— 

2ffN^5R-fTU fTj wc^rsrsr^frr: i 
?:grfrf^R wqtfrw;rw*rH 115^11 

3RT^R>: 1 

sTFw^Rtscr: vfc mmy ^ ^ 11 ^ 11 

RRT%rWm: ^fcT qfiTRg: ^ |$ || ^ || 

^RTW FRBT^i 

^ H^ITRR TT%: Hp: || <><r || 

?f?r arm#: 1 

ST5TI»nTRHIJI5nc£r>^ff— 

^TT?ri gj&R ^Kmf ^ smiJRT^ *n^i 

5TPT3TR5Tf[rrfifvfj || „ 

HSTRSTIffT^TSF: I 

^feTfsMfar ^(fR5Tiqi'lwHi^TJT II joo || 



|| \°\ \\ 

3?tcT %rm gffJFT? !f^#T5?^f§5fa I 

RiT^or srr^fqj af^rfR- ff| II \o\ || 

s^Tg»p#| I 

ferWTTKSflfcr t^fnTNT^RT^ it i°>% n 

*?«rr 'wzs ^ i 

PRRSfPT fRp! $hf f% m || ?°8 || 

3PT^T*fST^T: I 

^#RWIS1W3R: II \ c ^ II 

^JTRg^%3T}TT*T: W^RT PRl^f | 
?ffi%Ri%^TT? Hsri^Fn spftsfar?rft y y 

iff^rsTO^'^— 

wsppn qro® mxw j 
wti ^g’Wff sRPRTm ^fTFT<T II \ °v» II 

3WftW I 

<\$V ^rTf^WNT^s^HRU^tr: I 
TOfrWWt*T: T%JRPR o;^ ^ || \o< \\ 
«r^T5?r^PT^f5r9— 

vv ’ ■ •■•. 

^i®ftI?Tri^?fRL , R®fWRff ?ffr r rf4«TT ! 
f%^r%?r gq^^rf^^m^Twor# u \°K u 





41 



’fiwrf % wmw- n \\° n 

« 




^Wtt<TT|tW I 


^^rpT*n»r: t% fff n \U n 

fg^Tm wi fssr stf qrf4 i 

f^fif^ ^irn^fNq ^e 4m. n W\ n 

H*nwmi*RT<ft i 

mfqsFqsnm f5^-— 

VTiTTPT^'SRTT^ml i 
ii rn II 


5CT*nnr3^ i 


4 g^Tfg^T#: I 

Niq^qq m n u« u 
?n^*T ^3f flT0$&Tf*#W i 
#raW ff4 si^qf sfTrr m foq$M£ II u ^ II 

o 

'tfmrer q^mrfargt sm i 
qq qqmm TSftra&fNs m n \ \\ n 



J B reads 3 M J^. 


‘ This Btanaa is not found in P. 
0 


* This stanza is found only in P. 




TrftrcWRtfff:. 

q«rr qr wr< i 

qrcsiptfr^ qqpj qrq. qq*q ii \ If ii 

^=%TWT3tR q*jfanfrTSfa ^ I 
sg^#T!T0l%ft?T^f^ foqq II \l< II 
sqaTT^r^T^fTHtlRT^^^TR^TR^: 
qc«rroq%fTq'?^?r^4^'l^IfHR ,; {ri: I 

JT?R R *WT*HtS ^RPWt ! *T$f%%?T[^- 
«R qi=#tfj R?T ^TR^RRg % II ? K II 

Os, '«J 

R^rT- 

^Tsw3qrwrli%qi^m i 

jrsrcqfq ^ ^rEteTrafwr#gq 
ftsp^qa ^f mww iwqqTflfe 11 \\° u 

^sr^itqqiq q^Riq ^Tt^f 
fqwq^qfrqs i 

wifi qqcT^T%Riq mw 
fsrq g?qq flWRfT qiqr5*F% II \\\ II 

^qi^IsqTRiRq^rqqq 

ssqFqji^qqqiqf ^qr^P|q 7 q^5WET :1 

ipq^T' ^^?qqiRW:friqi'3T^qf'JnR n W n 


’ b ^rormqfT'tl^:- 
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I 

^TfS'TT: W^foiff: I 

^T&qW^fclSFiq- 

|cfl fft % II W II 

qff-cqaT« IfrlqsfRTfc m^T^fT: I 

3T^I srt*?^ 3TI3 a^ioT^qqf faq 11 K%n n 

qRR?w(#IW3^tBHRTl%&HT: I 
5RWr ^q^fRf^g'T^ G ^^UTt« ? 7- II II 

?i% qmpr^qsmt: i 

‘ 30iqi^r^iTOfiq#3f?FT«?T^ II H s > II 
f:w?flf 3^W : i 
sqg^J^T^qT: qmqSI?9Tr?TqSRI: I 

q^fr i% wrc ii r^ ii 

flrcffm ?w H?7 ?rq i 


1 H ^^fri$IffT \ 

6*A 









1 Tifw’msf?;:. 

H ^<r ii 

*rmT*TmTf i 

fgjfamq^^fSPJT^WT^ cCTStf: I 

Sf% || ^Vll 

w^i^^TOrF»T^^Tr^ft%s: m^r- 

^^fts^^^rH^pTffrr^rfqfrr# vs %* u $ \ 0 
3T# =^SWHITrRI^^##[%R 3^: 

^^fclfartar fTHJT^R 

\Ti ?j| qfomrSTST rfs % *TT»Tmi? m II \\\ li 

<\ *s. 

^5«nf^^q?fRJTr i 

3R3T: TOfRl^!#^RRT5Hnoi|R || \\\ || 

3T#ltW: | 

#rs'*r3T#r sa^Tgrqvitsft: i 
fegonrwi^f: 

#11 f 5 3 || 





^RTS^nrnt:. 


faffa'l 'srT'Trf mm #fS^TT jrftiffiTpjtfal. II ? W 


sffi ’ii»nwT% i 


'"-■ ®v ^ 

WTr&F £rg]>TR ST3>5#?frf|% ?T% I 
W3T II l\% II 


STSTI^TSF: I 


^f^^TtS^T#: <plf I 

%tbt m wq^ffri^Ti^ wm n s>^ n 

*fFTRT^Irf] H5Tff - 

^Tf^Rcffat WSl I 

HT MpTfmz.1 WV ?nf: II ? K II 

3T5rt^T^: I 

wff<r w.v *m^F ^qsj4 n ? v* n 

R5TTgq^ fg^THiTT 

CF^^*T'T?f!rT?^Ti^T^:q»Tg»r: I 


P, K Htvl b fT^r^r: for arpjer. 








wit mw m?r ffc? frc5raw>wrf%w»T^'fl n V^ i 
ffct WRqpjsn^: i 

?t% flrcsft 5T[%<T^r# ^fft ^#r^»rf 

=rr*r it 


fm 5 ?: 

stfnr?c*r i 

tomsttoto*? kh»T[^ «riSRwftr*n$ u \ n 

i% 3 TR?^r M gR|$R: ii g 11 

iw: wpfr# — 

RW’rr g^F %gg# 

Ri<ri sriffi k ferofelgS i 
5U»TFqi?TtS ; TfeT«r%«T «f$F- 
fa«f ^TP*: ii 3 II 

TO TOIsn^TTOTOftSTO — 

1>?5TO RnRffafaqT I 

wiiTO^r^toTO ^snmml II » II 
WWRllf^Ty: I 

*#tsot sfarot ww& 5%^r tot m% i 

3 

"TONt: 3RR 3v R*vf: ffH fRp R II 'A || 

tor; Rsstg TOto*crto%*to; 

'Tl#: I 

Kif^wrofarot tfTOro&ft’ ^wroltsf^f 
?phft TO^fft ^f% ^T cRq f^*T FT?RqT II $ I! 

‘ Ii and M omit this gtanza - - ■ 








gfri q# qg«ft ^^fsr^icr s^jf^r^wr i 

sEfej gq qt^T g^q rreqsT^rml 
ST^qT qg^WRrT 1% ftcsmmjl « II 

*qqtfr^F?rqT' T n ffr^rfm^rq^qrong i 
^goiwoTFrr qqTfqifomrfRig n ^ 11. 

Higgt m*i SR^fts^T $$*: i 
^»?^Tqf%rfrSq IteF^F^WqmW || ^ || 

* 

qiateq qfcP'ii x K$ rftt%^ i 

anCi ?r$rfifta: q^farateq qq^fi wi?tii \° 11 

VD 

qqtqfer 

qffaqqt qqHfTOfrfSri: I 

VO 

q»qq gjfFsfq^msg q qq n H 11 

9 tir^t# ^T^Tgqf^UT: i 
qf qrfcqm qgq: « 3 f q’qnftarwsT: n \ \ 11 

srpfrnfrff5# qqrc q^qpr: 1 
qqfqwiq: ^nlqi^RTt qi#r 11 \ \ 11 

q qq?f# qfgqq wr; 1 
qT4t%^W^R?tqt qRoft^RTTg HUH 

qrqsqi Fr^^i%RRf 9 . 7 : 1 
giqsqq^qT ^?mraq: RT^tg 11 \ ^ 11 
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?5r5mmsn^Ti%^r%sr 3«fHlr ii U ii 

qnftstnvpnft s^a^w^terFi' i 

f ii $>*> n 

itqp-R^ qyjs HT^frT^ SFf#?g§<^ | 
qjfoT'PTRfT^^T ^JT55[^W'miWT II K II 
'T^'frsrSPFWT ^^^f[^5RT5^?TT I 

fjjsnffcn ffrfr ?\t\ sffaTCrcwTOTT n i^ii 
qui=q^| FTJf^ gtBFFFFf^r rT^I^: I 

&?Ti*Ffr n 1° n 

T^TFT: ^T^W^rTTI^f^mPTf: I 
FSHf^IFTFTFTP *$? l=FFT F*WT: II ^ \ II 
^mf&3T^FfFrg^l^FT ?FTFT I 
rF^'r&SFWT %^'Wf II W II 

1 ST|%cfterH I 

€# (FFTTERTTSSIW f£# F^TT?! c^T: II ^ II 

^FcfRTRF (5*713^15*^ II g 8 II 
FTff^TTgRT’TF fFFFFHRT%F *TffFR I 
'T^TOTrrat ^f^5®3^3 II V\ II 
w?5%5 fFf#g =et W &3133 F^awg 1 
wfmt55g^T^ ffcf$? w ^rt: 11 11 


1 M reads frT-IT . 






srsi w*r?f35^ wiii^ w m ii H'® ii 
^ $33$ 

frcqfeiT %39?%m ^gmRr i 

TOTI^RC S^*TFff 

srftp ft *r^ *nr Hum n \<r \\ 

11% ^msrRf^T^: II 


#*3TffiTffcnF: I 

trt #rt hhh tri i 
qfqs^T^TR SWjSsftj: fHTWl: II II 

mim sfiftrr 3?fn?r sfrst 1 

rR*J || 3 o II 

^i% r?t ?rwteT: ^fturf ^sT^*rmr^j9?r: i 
wffcffaNn frm 9>r% | n \ i n 

^f^T aft HcRRTm I 

^ 3^: 5=rrgrr ^gr h*tt ^mr ctoi ^t ii ? * 11 

?m ii 


3f«r ^rpI 

R flHf 3T%T%f H5RTcfl m II ^ II 







#$ $;$, h?'( :$4 :v|v^ s X<4-}^5tV'^..vi/>; ; - i: v.' : -ii; 


.. * ? T , ■ . 

I 


TOSSS^Tigf^fWr RTfT 
R 55 q g: frc??THf HIW 
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%fR%5T[: W F3JP3 tfft 

S T% R? ? T WYW II V<* 11 

f^T W«ff?R!cTOfR§^ fr^TfTC?# 

FF^ q& PfRTT5|qf?cTpjl%?TI tlS^ftsjFW I 
sq*T: ^q qst afaffa^ q^TTF rRf: 

Tvrr»t ^ zm q°r qqq' qor qitqi pwopq n \<\ n 

° ' o 

qm jpnTPRf qjsffi 

qqqqpqqpf! ?tr r^fh qifr 1 
qHfq?FTBqpT: 

$W & W ^T fFRTiq || U II 

q wr: g»ftspq*q qftff ganr% vm 1 

■’mffwsft SSF qpRFfi^T: T%qTF II II 

Pf^TTFfi: I 

rpq^T $55 cR-qq fq^FFFPJ II K II 

ftffcRq 55$ ^5^ 

qq qqn% qqic^^rq 1 


£ reads ^fpT. 
B rrada 


i H reads f% agSftf *|f SWOT I 







, > .. . 

RORPFRft:. 

m *t Firreg 

RPff# spqq fr \i\rn ii H ii 
?i% n 

m rrrrri ar*j— 
q^^R%RRR$5 PPR'RmR ^r%: I 

O c \ 

PTH qj55% PRI <T PRRTRRfa: || 8° || 
RHT^T^: II 

JRPTO^ p Rflfoi HT#T | 

vm RffR#*RRr ?p: SFRf TT^TT: II 8 Ml 

R^RfR^ FRR^WWTJH I 
3TWRRT 3PPTT P55 H^#TfR || 't\ || 

RPR *?RHPRT m 5mTS«r ^SRETR: I 
$5 HHP^5 PPI *J$5 P WI ^5 || *\ || 

RT WRIT: ^5^^P«TP5|PI^^IT: I 

II 8 8 || 

SRWPHHRT £I?R%1RTra§^pm: I 

srr $frm ^sr. rrr prp-st u 8H ii 

PPIR P^ P?^R gRR HRT 
itTO PspPW ^fRoTT HRP I 
fRpf PP FTFTRcR RR 
RmR5 Pfes P TSRr: TPRRP || 8 ^ II 
?R RPf^RTR: II 


' B reads $i«TR ^ 






m fjsra— 

f^^rT#q-^^N: || V* || 

3TRT|W: I 

RW ^ ?g: # W % WtF^tr I 
^Sf3q^t ^5 gJ ! 5fT5T% T%q*r: *f: II SOI 

$ST*ram-?fl ^mt^TTf^i^cir: i 

^ ^"WISTR ^ ZVV- T%^VcT || ^ || 

<r^fRoft^ ?g tVtwfi^ sr 
f w: R^f^Tfl^rFRr: I 

rTIffi R<? m^TTl'ct 

JR?RTtfmK »TW: f^RR II V || 

« ■—< ' 

?m fk T Ji%qf^5TlF: II 

°\ 

HfipTOT JRTfl ?WT | 

RFTfcT SR R^JJSRRT II ’A? II 

3T?q^fo RRR— 

?^T^T^tRrw3§orr^^f^3fn^^ i 
RR^ <?(&f SfifaRSTRTR ?T|R II ^ || 





aTST&TC: I 

^TlW«FrN>td 3 T 5 RI»M P II M It 
fefsrcrc^ 3 **ra fftcprr 3*: 1 
(Tlfe'miWt 3<S *i§W*in!cW 11 11 

II ^ II 

^fkn^it^fR - fam grf^r%T[%k 
HT 3 #^fa 3 ® 5 »r 5 * #ss 1 

M f^q%ot(T era ^Tffi m 
SElWflg<i^HT^#'Tr 5 f*TTW II M II 

11 

- -- # 

m ^F^JT^TFff ^.5fJJ— 

rf-'OT pm I 

%q #P4 FT^Il ?Tf$ ftp || '\^ || 

1 

3 TgiT wsjrw snf&rrer 1 

sprfWmfW ^ *n% farm m 11 ^<11 

1 B reads rfl^s*. 

2 After this stanza all the MSS. have the following stanza; bub it is 
simply a paraphrase of stanza "No. 57 ’.— 

fr?l^r?rF>T r f ?i5if fff irrn 1 

f?Tl?TO <T3<f farfir 11 

9 1 * * * V ■■■:::'■.>• : 
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JT^MpTfR:. 

#r ^ W- 11 ^ !1 

w$ MMrt 
iNwMreft w- $1®%* i 
MM vf : m\ Mr r 
m #r ^ m ii ii 

#r Jirtt ii 


MMMMiR flRJJ— 

^gnR^lR^ R fTS^cj; I 
m ii %\ ii 

fRr^IT 3?TfRR I 

Mfawem Mi MsM *r M i 

WRlfjfr SET^pT ^r*R: MrRT: || ^ || 

MrM Mi MiiM 

^T6W<*r MR tfM(5R | 

SO 

^TFT TfMf *Rr R?1 
iMf >RR Mt-‘ II M II 

3T]%TSR ^TfM I 

3TR?<T ^75fi?f[ 

#TT**reT- $f%$»VT fk^mfTT: I 

I ^ om itf» iw. i ^ <?™t8 ihi? ab well as the following stanza. 






JTffarcnwff:. 


tffl^ m qfqr qft*n°p*. ii $9 it 

m *jsq— 

fa^^TjpJT sqj^p[ q feqonq^F^TBT I 
W55 ^1^1^ II || 

#flw? afore: i 

*P q?#f?fo7 gK#T^T ^ 3rl I 
crqHfr 1 ^gRmlrw faqfq ii ^ II 

qRT^rflWf m qwpSl' I 

^F?5T flf*! ^ flffi: W II ^ II 

arftreran*! afore: i 

TT^fFfHWq 
Wlg'Tfeflrfi^q I 

^ *??iarer *nt u \< it 

m II 

m f^re^wi^ $src— 
wfarft $$ ^prF'nfrJ *nfaa ere i 
q@$9 qrWR s^rrqq farereWI II ^ u 


1 B reads jrffjy;. 








i 

o 

tfr^qpt l zt pw foqp*. n *<> n 



snrKRfcrs^ i 

T^FTf JTTT 

^ fgfirf^i m *t*t it ii 

ftrerftTT: TOjf&pft i 
RTT Ht^T *PT *PTC19j wfaffa 

srfcfifaH 5 tsi^4 ii n 

fasre^sr#: II 

*ff *TfTOR 

^#T5q^: H*TTH: II 


' B, M and K read y|7[%. 






%3c5frFTCTHt i 

w. ^srpth prfrffi^^^f^r ii $ 11 
w: vi tTIRT^F W^fF^TfrMw: I 
cT? SR0f?FT qqT — 

tqftr^ssr fp 'fissw^rcriFr sriothfi i 

WIW4 T^Tf etf# || X II 

1 

T^^Twfir^’ c rrt4f^ c rJ i 

& Sstfsfft farffrarfa f% &*W II % II 

frafeifNrfo ft'mvw 'iwm i 

f% iff n a ii 
^t^tft ?fp[ 1 

'■ o 

^T^ff^Jniflfl II VI! 

srrrm tot i 

ft ft wrer# *m $r&r %Fmt ii * ii 
KftWtflFfl | 

stwib? ^js^r ii ® ii 

VS) 



FPIFFmTf: 1% tWflF FNF II < II 

* P, K and M read ^ for * B reads 







ftRftr qq ^ ft ra 11 ^ ii 

W c53* *n: | 

SlfMRlSflralwwfc 1% ^ ifl II \° II 
fpM-STjft: W^T ISTcT^? I 

qr^r qfi ft ^<§fqqqq n \ \ n 

qq Critt^ i 

^Ifpsang^, aroft ft ws#>r 11 ■u 11 
frr^ftrft: q<%?f f^eq ftqqferaj 

stffaifq 4 qqisq ft 11 u 11 

qq^ft: i\^ ^5511% qsrqqs# | 

ssqyft ^qft! ft q# *pqq || \\i || 

«r 

qR *r*rqg*?n qftcsftgOTfqrqqqRT 1 
tc 5 ^qT#> ‘qgi^i&i^r^q 11 Va 11 
sraqrcr qfawr 1 

q | K R <* lg f °ff qqffcfft: ^ q ST^qfpH || H II 
's^r^ 

q#i srcsrgntft sirtmftm qqqs gq>feqq 1 

1 M and B read 55*31; _ * B reads flgf^fjr f$T°. 

* B and K read the following for this etanta -. 

$Mscfarf>r e«rrq qs sr^tom- 
’Tgf qN < Kftrfr qR^fa<srr$f*rr qqtrqqflr i 

whstwr <(<FTT ^qtq ^fT^RFfl^ 

«rqqw%(51t1g ftq 3ft H q^5**nf^q II 
7-4 






MINIS Tfty, 







II II 


»lf5RRTR«fC: 

zflsg q? % 

I# ttfto II 

«j^ ifei $ gfmi^^ : i 
^'TTO[^?r^T^rr: T%qfcf w3j[«|R *Frt>T1^ I 

ii K ii 

t^T ^ 

^RFwnoit ftsraift mfa i 
fawcsnft tonr #<t 

5WTg^^J»TTte SR II \%w 
ff% 5wt?l^ II 
sq^wto 3%m-. I 

?p5??pwrrfir w«ni u 

VO 

WRcTWfTCito 3T[3n>: I 

sqmito^ ^itor ^ 3 %^ i 

srfrRT: ^ ^«T*7 crtfepT II \\ II 

KRfPTfflto 3%^: I 

fawf E 3fe«lrr ^^RT?wf^n ^TWl I 
to rRT 3 toswriw*. w^ft: q# faripw h 
«WR% l«HWlto: II 






f^ngsR# ffelftreftfaf# 1% II *U II 

wrrc {spTf^wi^ i 

'mm *mife*T #| ii \* ii 

%?r *t#?i f^Ri^rqfaR^m ?n i 

anpfefcw fmm ir ^ ti 

?T7T^T 

fJrsri^T a 3 r *Pi&r zfoz ii *a ii 

it^^t ^§5<r^Twmlt^rj^^?55: 
fltf q|5RW SSrft I 

jRmft 

wf| gi|3?r^%^cT *pt&t %^R in® 11 

efrtt ^:^on ^^S^TT5R% R!^ I 
3Tff35gJTS5 ^^5 5TfR RPff^R II ^<f II 

ftmfa ^msR; ar$niw& ?rW k i 

vO 

Sjwjft f^R *#3 RWnj3#Rft»^: II RC. II 

^ HOTTCTR RR^WT3Jc?Tft RFJRft I 
RT^faf^ TO tfcw*T %^T *&I&T II \° II 


1 B and K read frfaR^ret gpti. 






^wtrafNt f^ngwjtf^rer: mihKniFsstft i 

■o 

^^ntisy^ k fWwft^ ?§k <twt 

TOT q>I^T srt%5rt^ * *M$1 tT?T *r |j|nisq^ w\\\\ 

’tI^TtT: II 

' 3PT %n=%4 f^R% ’71'^Tl I 

jnrf^T sffaRf m^sr II H II 

3T^^: I 

F^RTf^fefTH^Trorf: i 

srrimi h^thi *sr n n 

1st HiwWmk^q^ sk^qf T i 
flf^T3$:T2r<m: f^qrft *H#T?wnt: || \$ || 

*ff Tif^rfcr wk i 
ii w n 

1 t* reads as variations the following : 

swr^Faft'T 5W*r— 

*r^fr*9 *m rVqr^f^r^nn^ q^nju^t 
( fv^ur^hrt <rr%? ii 

3T?Jf^T HSJJj— 

f^urn qfiwr i 

3PST*fat SfTfiTg II 

B gives only the latter of these stanzas with the following variation in the 
second uarter: 







<SL 


ttvv. i 

w: M!t fR g^gfaRlfc ^ II H II 

gj^^gggwfi* ^r^: gR#:' I 
*l»^S?W»5j ffTJTlf^r^4%: M» II 

gsrf^^ggrawt: g>ft wif®w# h k n 

frgggRgg1% i 

g>fg jmrsroft: g^g n ^ h 
^ 4 ?wki gguRpri ^ns; i 
^^wiftori ^mgffRiorf f%^ n u« 11 

g^^g3Rg^4w%%R g>r <mr- i - 

g>: g>R: |% f4fl frfonwtf W <l«iq»3Sgf* 11 8\|| 

fFTClfag* 3 *Mt: I 

^^oq^PTwl ^°^rg|gi5^TrR i 

^3^rTg g# u n 

ffg ?THfl%g>: u 


1 B add* *TT *t th# »nd 2 K, M and B read^JT^t: for 5 TT. 








=n^t srnM i 

tftfRRTT f^Tvf: 'rffcVfc 

WftUt: T% II »\ " 

?l% hrhwI JT^rrf^ri# ^i^RT^Rf ^ VnSrcn 

*R ^5-RfR:. 

1 Th« f >Uowin£ stan*a h found in K. and B in addition to atama No. 4*. 

jqsr?ftr%swV#5r?frr*ff 
?jnft stir^f prr^arr^ i 
iFn^wrmfr: ^re^ri^r: 

^sqTtfT: fo ^<r^T m. u 









ItWlSTify 



lifiw 



W: 


waicTW^T 



I^cTcpTR OT# II \ II 

fcT: ^T TJTSFrMcT *TH | tpETTF- 

flfjmflfwr f^raflfa^flirrw gsp^— 

gT%f%git^aFTq sr^5«r?rt ir# i 

fTfijM ^g^mfcfFcrw: II \ II 

SHTltSW | 

s^TfTf^mfTsM fr^msr fa wt i 
?T^TT?n^T^ m«R 2Tf ffr g II * II 


W[^P5ftfa: II 


fWT^T: ^ if 5^r: 

^TSHtnoTHtfiT WT cTRWR^ JTfSm II « II 

«T^rft^w i 

BPlfe 5fqrRi: <$\ || ^ II 








tf&RRnWff: 

wrsrre^ II 

>TTfTTe^ fif wt $fc; 11 % n 

mi mkizi w Fim^sn: t 

555^T *FT 3 «P$F II VS II 

tfT$WfF#T tfr^FTfR W*T ^pr: I 
FfFST^F 33fT *T?F?TFF ffe II £ II 

irmT?TO# fr'Tf&SFfaon wtt ?ttt: i 
TTFTTTi qjfFT WFFlfacTFT W? II ^ II 

^ ^fcpiw^foF fqqs&T r%w%w <Tftwrr i 
^#r viy jpotct m^&i wk h \° n 

wWsnraflr Ff |to#ri^ it i 

mk 55^ 3>T«F W *& m *T TO II U II 

tfHFf: m FT I 

s^W *J?5 % 'H^FT^FlF: II U II 

foFW^F *T*TT •FTT?F3TPT ^^1%: I 
W3T# TJg if ^IF ^F II U II 

JF^FF^T— 

^3(%TVFI0T ^ptq| ^ rn %&1 I 

&zi t$ik i*t: *i%- n V« h 
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, i 

apT&T jN 555^1 TO iF#JW xfr II U II 
^T^FTcT: tfjPJoWfB** 1 

Sfetfq ^Ttft: m H 1* II 

q|3l$T l| fttfp RTORtlT^f ^f®T I 
?THlTTT^^RTfL f^WFT«f ^» : ^T^ : II ^ II 

HT^^riog' i 

#5UT?nw§T*W II \<z II 

I 

JBfaPTSl ajoaw: R^R W fWRl$ : I 
*TRt^: "fWi: II II 

9j^n: 4n 1 ^rf^rmfr: w* f&m '-1 

mm* trfMs ^ nW^i^ * tffcrct n » 

ft ftjRRSWST* mw II 

sfef^IR 1 *. II 

%<\: H faSR^fR sfetsrpT sWJiWIW I 
to^^tt gN r$r*t i 

V?fT 955* *Jj*T H U » 

1 Both M and B have the erroneous reading ^!%frT c^Tlftlf^: H 

qarft faCCRSIT:- 















% II ^ II 

?^[^>r55'K55?7 I 

tfN«rc*J T%w 555$ ^ T^TpffaTrt. II M II 


WfftW. I 


fritter#! nm^rw mr$ sftcrj: i 

WVt FP w* ^TfL =u II 

*$& WPfSjM ^T^jJF^Ti f3 <ffi: ^1 I 

#5 ^rm^r ^ ^ ft ffe: ^ n II 


smlfW- I 

T w i dMq f fr <mvfa ^^ar «r^i%: i 


*STc* 1>F5: II H II 

«I^H9I!: fTT«ft?TT *WTTf%$ ^5. I 



gtFT RTFTS^T *0$* I 

^ it ii V it 

?rN^ i 

ft* 3 Hfg>*WHJ)^ll 
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I 

ftw m tr^Ton: gmg n ^11 \° w 

jlfWI^: T% ^ I 

^nteR^rire; ^rs; f| n u n 

«r*mn%d^ wn i 

^T%^tT*FR*T II ^ II 
$55 Wf^T^lt^MJoT I 

3 ^r^roTJi 11 u 11 
3T=fttw I 

«P^T?T^ ^ ^TrT^ 'F55^ri55^^ I 

TOT 0 fNTr’Ec* W II ^9 II 



ft#TfT%?Tftn #5^5 ^ScSnfrr I 
ft#? ^ ftw^ll ^ II 

I 

WRTcmFr JT fnw: ^^H^TTFfr: I 
<Tf*»W mWtifS 1% % II ^ II 

1 This wrong form i* the reading found in th# MSS.; and the correct form 
flrtftfH doee not satisfy the exigencies of the metre, 


















70 




^g»^n?TfcT^ i 

^ S*PF> ^TRlTfT3ft ii \* n 


OT^'HF: I 


^RTTRTrTf^T^RRf^Wv* ^ | 

HFTj: ^ftWPjfaRRt II K II 

^a?m^!^3TT»TR^5^— 

^TWRnR-R i 

T^jr^i 3TO 5WF*r*ft w ^asRraji H ii 


^I^RFT: I 


*tjSWm\ tfRSTT I! 8 • II 

W^ITRTR ^ RrrWt: <K3 Tr ^ ^Tfjr I 

m\^ w v? m, frwra ?fncq^r«T t%r: ii v v 

t^t^t 5®r^ mr4f mi aprs-RT^ ii ri ii 


3R%R>: I 


^RTF^T#^TTk^T^^T^ *J^TR | 

'^Tq$j%W*T ’S^JTST^T ^KSTWWTRT: || 2 \ || 

rtfiwI <b§r ^ 


1 The MSS- read ftFSH^STP^ trhicb do6B tt0t 8eej » to ba eorreot. 











^ fRT33T 

^TOTI%ffST^M TT^Tc^fT a^fqffiWTCT^ I 
3T^T^: I 

cf^ I 

^U#T ft U^T *WfffifaTC«r II K'A II 

qqrg^T%: SP^rswitf: I 

q#*phTT5TWIsl ^°I % II 8$ II 



aT^l^T55fqf^fmq^^q^T ^ wm*if i 
SR55lWoT w ^t*p5 ^TprtqRC II 8V9 || 

srsr^Tqr: i 

vraT^*mrfa*r qjqf^q ^ i 
<r*r h&f Jrq t| qmi: fa 11 11 

ftsnw q^i%^ werera; n ■ *% ii 
^wsrwgoft r%q#3r% w: q^r: i 
irteq ^ftst qqT^q II V II 

^Fnqq^FT^ ^qqrqqnqq— 

snqwq <rer flprreqg I 

ff^lWor # 553*t q^5 gq?: JTI|: II ^ \ \\ 





MIN tST/fy 





^ ^ ^W- f% Hi^r ii M ii 

mfkm q^lrera; i 

f%5rnfts[f%f^v sfesr^ n M 11 

^q#s^f^T55^iTTO^ q c^lfMlVr I 

o 

555q pPT^Jc* Wfa' || || 

3T5frf3rsF: I 

^TT fT«r I 

*?rlfsrT*w ®*rI ?Nw mm *& twi n >j \h ii 

$$ tn# qf£*CT#R# I 

95r*ns3nr^ q^wqilqt: 11 M n 



1^5 i 

*m '*& %& ^rs ’seFVF^ ii *w ii 

*rai^R>: I 

HT^ fl - q qHrfiqt 

Jims^ssT^w i 

* TM» nm« rule ia somewhat defectively stated again with a naodiftaation 
i* reading thna: 

j^c^wfntraTJnFr^Ji;— 

^yre>rar$*T*nTtfnT^flr i 
ffa,y * re rc*reK *jc? ftMtani ti 













^ 3 it ^ II 

toi vht it *ss*n^ ^ i 

FTHTWi IW f^WR cTR *f>: II ^ II 

JJ^: I 

3fe%5TTt ^ 5TF^ II <o || 

3Rtt*T3>: I 

ttmS^T ^Bf5I FPIFT #*R ^5TR || || 

^rcrcm^fl^'JT jtrtiW m 3^1 11 o 11 

T^B^I^ ^HRFWq;— 

^ft^ittf mgiH^r^r cttr?t ft*i%3 1 
FrfotfPR3^r WWt ft &RT Wi II O II 

s2) 

aimt^: I 

^^TWTFT HIHf IT RF^WSp f?*T I 
PTF^fsftT% t RPtB: 1% HO II 

ST flf^mPTT RF* SI^lt^^T«f^: I 
8 







MINI Sffy, 



:iV '-mm 

S\ 

w 


mmi' 



f| ^ %* *T II Vt II 
TfygTKfr^r^’TR^W^HTiT^^— 

*£qt wr*n: ^f^55T^ir?^^Jn?5iR u ^ u 

«T5fTf^T^: I 

m'T^r^Tt: ^^<frsEi*Tf$WTc^ i 
f%f?far|fT ffsrm^feqr FR# wWlfl: II <\* II 
flr^TS^STI <TRTfs^ ^5^?TfT0T | 
’T^T^T^pqcTISgtfTH^^I^ Ff^TIR II \< H 
JTW=?3 C % W^TFTf^ I 

eHsr^r ^ ffiarr n ^ u 

qwrs$ 'refa^i ^rmXw ^wtr ii ii 

*FT&T ^ II *\ II 

3T^f^Sl^: I 

%^Tf% w: ^^T<TU*?jifar | 

*THTT%: II vsR II 

mfeFT?ro}w^%mHf i 

SfW cfrfTHi^T^fTk HP?!'** I%f^J55P[ || 


1 fJW*. if fcho ro * din K found in the M8S. -, it adopted a« beinf laora 

*at«#/a«tory g^amwatioaH^. 
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TO TO I v»^' I 

JfftM 7TOW*#T°T II 

«R*q *rmr*rfa; 11 »\ n 

«fe si%*r f%5W^Tci5ar i 

^ ^fT*rr°T f% ^w*r $$ wnresr n n 

(T^if^TOTWrq.— 

srcfWR frTOqwfi&re* *5s*ftg: to; i 
^WTorgiwcrem^T^ ff^TB.- ii 
ffeR*TI#?T frTt ^Tr^TF ffe: | «<•* | 

3TOW: I 

3^1 i 

wm ^ft^: whFTO: 5F= II *A " 

fft STSTTO II 


JT#Wf£toTT: II 

?<T: m R^q^ffr^RiTm oq-yfqy- 

TO: I 

q^TOFROTmf Rsr^i^RT^FFfcTW^: I 
^^•WR: §5fa?Rt II || 

9TOW I 

rcT^g'qftfFrftwRqff ftgoreftr% fare i 
f^«5t ft *g*$f tofttobj q mm ii <r 0 V|i 

8-A 






RRTcT m ^r: II <\\ || 

an^iq qr^^nr% srfw trsf^risq f^rfam. i 
qiTf WR WTT W^'t r^RNpq: II II 

$WT*| qjqfct vmi fiTgqi^q I 
3J<?3T*iq f^FPT^ s# # II *\\ II 

^reiH^ 5Frq^&Tq[Rsw^s^m i 

*rc*n fSprctFpft R^fl it <rv\ u 

^TcTfl^ ^TTR I 

f^HT STTJTl^R mm II <\\ II 

^tr m gm^riften ^sRErft i 
twfircnw $ fg^3:q^fl^.* II <T<| II 

O ' 

?B3or*»®Rq5i^*t-“ 

wti ?rt# fJTgfSnt m qrfsRT *$q*u 
rl^sq ^UT ^qfqqxF f| *Jj?4 tm. II II 

®rR»r?$ ^rm ^g;— 

•fwsgpra^WF HPRi^rq i 

*$<*# gorrag^fertfow #*imHji <*\ n 

«TRqgrq fT# 

^arU55§rTl < ^5°TRI : I 

frft? i*mT^Tm R ? q^ n <^ 11 






ST^T^T: I 

5fn% T%R: W 'tffWH *TFp|: I 

'TRTR R&FTpIfR I! vj II 

^r?mfL f^r sir ^n%ff wsijy w^: i 

iftwim m ?TR R *RFFHFTR: <R: II ^ II 

^^q^TS^rJTf^qrfw^f I 

fSR^R SfffTHfitt&SPT ^cn: $^TT: II || 

KT^rrWJRC I 

i\m ^ jm TO if &m II II 

N sfag?mflt ^ffgl§Nrfitf?re*T qsiR i 

Hm STtirari ?r^rr ii u 

ffaSR: ROTC "Rift I 

FR5R wr%: %T%SR «R ?RR II II 

m%TttfRT ^ 55S*T WT %r I 

% ff!%r|R W % W *TO RH II «U^ II 

ft^SRW-%TI CRR^<RfT- %<?RJ 
^RTOTO-’ *B$R %TT fRT- II II 

I 

« 

RRR#snsm ?t?t: i 

=^^ms?r: Tt HHRSRf || || 


wri$ 3 ° 



<SL 


fflBT ^JT|^«3f^TH|5TO W 11 ^ 11 

5nwW%»H: ^^T%5tmiW ^TFT I 
TfR < ?^RT^?Ff ^fOT5p?pP#T^f II \ 0O \ II 

gqpfff<r^2urm33joritT?Tir^^Ti^R i 

*Ttfi 5^3$: <W#T W^^ll \°\\ II 

S£[SSR &*> *m ^TSTiB%S??IT%>Plfo ^1 
SFJtffft fW 5 ^. 11 11 

3T5^^n>: I 

srf 3°rt qtg i 

€i^t fefoffa ^ fr*mr *n?rr: ii t ° ^ u 

tu ^Mforfe ^ hftw ^ m- g^r; i 

^ wz\ wf%: q*IFfowiRT sren: II *5 H 

^ufcj; for ?rc«rc*rmr wsr *rcq$: 1 

an^w w W ^%*=r f% ^ ^rnr n \•^ u 

wfapfjwfa *& | 

^m*rc*n3f s%s«r fa =q w> q>*re m it \ * ^ n 

*nn$3nRn?ft 

j^qrys^^^qi^Rlt f3^’T^ r flf( sfF^y | 

^wrrH n * 11 


fawWTpC: 7 

3r*?r%7!?>TT*rr rrr i 

after r%a>ta ^ tor Rmr: n \°<*\ n 

STHRsf T*m HR TORTORRl— 
'RBRrfgf^R' HFRfTT RR^IRRRRf?: I 
RFT ETRRRHT: TRTr^qHfRTHTRtSsr || ^o%\ || 

R#^': I 

**$ it *m ? R^ferrsr #$j§r r 

RIRIR HR"WW%HFr<TOR: II \\ || 



«FW^ RjOTfR ^ RqRff^ I 

RTNf^h || II 

RRRW: I 

f^r$r mmzr i 

^r w HfRT §**ftenarrc ii u ^ ii 

t%3°t ? h r^tot^i 
flfsr ^ W R RHf??qpH)Hflf3T qqfa *g: || H ^ II 

fgR^jHkwr RRi%^ifHr'?RHFr^ i 

WtetePT ffRR II ? \ v\ II 

ftSRRRfR RR^fSTRR; H*rrw: II 

The following itanz-i is added in M after stanza No. 110J, but it is noft found 
B:~ 

v^f^TT^^r'rr 'TjttR ’iRFrm^Fsrr?}: i 
rkt^ot jtftRf fasfni ^ H*T v T^rr srarr: n 





MiNtsr^ 






: II 


5?t: m s^^rmw: i f?fa>rc 

an^prf&icFqiq^tt— 

ftm *rfrr wwOT%rra*F4fa*ro 

JT%^g5n^s^i%^ i 

T%^TN: #FJ?fiqTT^r^^FftiT^T3T^ ftf 

]^1 l^T m^cTC'^fafTTiriM #?m II H^l II 

♦ “ 


vmbw- i 




SJTTHKS 



^wff: ^I^T eRFfl ST^^RS W vfam: W&J: II K U~ II 

° ^ 

Tlf^Tf^fe: q»^?J55Bf 

q|%r^Tmfaf%^T 
TRTfr^^q %% sremji \ ii 

*ptfH psfesT ?n%«TRf 

?R^T flf^nsT ^ Wf|: I 

yitfji^^ *$ *wi ii U^\ n 

eejnsmtfk ^t^t *i§N>- 

f& r%fjp™ i 








m~ 11 

^ST^W5r^Tc^p?T l f)^T^Tjfr “F I 

^th^ttw # s^rtt^t^swM ii U* : 

S^F^TRF^fF =f fTW wr- 
?#S5F: 3*T^ stftfW. ^T<t I 
sfTFT 

tf T ?qg% napp if II II 

gjvqf 'T^fFR'F: ^I^^5TTT3T: l 

HiRT ^F3Frfl*TT®FF*3 #FfT II H 

^Rsnf^ ^sfFTW^f: TfRT^ *T TFT II II 

^vqi^^f%F^T^^3T%^Tf3F 3FT: I 

=5[rcf^ =FT H IFT II II 

gl^t |%JT ^Ff^rf^FFT F*fIT%T : I 
^ft: ^fcfJT SFIST TrR^ II II 

^IvqT^T%F^ y 43?ST^F^ ^ I 
]%3T: ^#r^Tp: tT%: ^*?*n^T II II 

£gi 3T*ff><5Fi ^IW3 Tftfl 

ii *wt srapri 'm w^t^tft fa*Rffl: i 

WFF ^rffsit ^Tf^rgjfra: W % fTtfFFf 
^(^rwfF ^ j t°i<f flftssr Tmmror^ii H 




82 qfopfqpS'p: 

qp^qpTHfa?qr%qr: i 

m fa^qi qqMqqq: qqi#n % *ppf fipsT; 11 H 
Hxfrr ts^tbt wpg qq 
gtRT«T3T?r«I q¥Efypq: i 

*P3K ^ qrqq qq^q n n 

^ ^i^pq^T#r jot; s 
qiq^TWiqTt^n ^?3pT®n: 11 u°^ 11 
«rqi^w* i 
«TTqftqq??m^TT^r qpr 
m^qpnq qq^^q i 
q^sqqq q ?T*T| qspq- 

o 

qTqRwfoq) qq?q: II || 

qfq^q %q qqq pr^q 

qprq* q«r=s4 rVr^r qrl 1 1 

^qfqqw qq^sgqpr 

m fe#r q q#i% m n m~ m 
c \ 

rrqmiq^qcra £rq- 
^ qiiq qqf^rqiqTq i 
»wt ^ff^rprrft^qnqR 
qq^fqqi qqqpr frfl*: n n 
?!% fq^qrsq^ mqpaifgfo»p: qqiH: 11 


1 The MBS. gfive f ifhioh doee not soem to be eorreot here. B reede 
tor qt^. 






■frWffffaJT*: ii 
?n: R sqRRRW I fiwgrft+HW 

^H~- 

qmeiFmT Wl mvzft i 

o 

T%f( ^fa>IT TOJKIs^T ^]tV- II \\*\ I' 

aT^t^Tf: I 

TTI^T; ^ f<TT ^TtM SRT# R^TR I 

wfaffc* €i *rt$ Rf*R u m* 11 

tl 

RfR— 

srcqF?t fawnra*^ i 

^<W aqiH^TTT fqqR^^*dWT3TR f R 
f^l ¥31 5 RUTFtR'iRm^TJTl^ fTRRl II II 

aRT^RT: I 

RHTtTWH^T ft SR 4^FT^T%^TfL I 

^TfWTTf 5T^ II II 

s^^TRO 5 ^" fRW | 
gjfq^R^f sgsRtoif&r % **%»?[: n \\& \\ 
^f^n?q^^T«r(^*iPT^T9— 
^SSTqfTTT^spqqJ^cTTRWRqq^Tq I 
<R3R%«WPTt 'R^TRS-^ fWR mflRt II \ H- II 




1 b jprorft. 







i 


<SL 


gpifN^mt i 

^hfi ?THTxr^T?r <f: n \«<A n 

hrhI 3>rfc?Fi §np*FF. i 

=FFI ^tffFST^mTSF ^T: II { » ^ II 

'*!$&**$ ^fra i 

3mrVrg> f ^ ^srr ^ T 4 W'*> \ *^\ 11 

fgfT'R^^FrT^TIT^STH'^qfT^! 

f^FfT^OT^F^l II m~ H 


3Ftt^-RT: I 


m F5pf^*fW ? -T^T^fF95!R faSFTM I 
H«FF tta>mnrft*T fiTWT fefFF II \w'~ II 

<=TF T% T»$ ^ 5 $: II \ 2 \\ II 

^FT cFTW rTfFSfF FEP^TF ^ H IW\ II 


FFttw I 


si«rt *4 t j^rramter ™w ffr:: i 

tHT: 7*f T3J%»T ^ II \ II 
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5|frreCr I 

S^TH^*TFP7rTT^r3ffofT *Jy5*taTO I 

#FT%: ^3 RT^ri: 551% 5TT%faT:il ? 8 * II 

f%f%: nflh gfa^rfa 4* I 

3Tsrf% v <55 *w^r ^4 ^5w%Trc*rf&rfe;F n ?v ii 





fls: ^ejor: i; n 

3T4t^T^: I 

T%f%: TF^T: ^ T^RfTH flTC?TT: I 
fTHTW fflW JTaftfifcrffcWT: II W II 
aftetf ymiw i 

^E: 5ff|cf: 1% 5Rq <$q% || i\% \\ 


qoqf^JT qS^fqqrnRiRf: WFE<TWT!^- 

2% rl^TqM 5%cTf 3^T: I 

/N 

% ^55 ff%tT%%T: 

o 

swff i%f®rr ^m^TT%4 §4 f^nf^ii ? ^ n 

«TW^T5F: I 

3TT?J^q 3%W ^WI*R^«TT 1 
Wf% ^3r?T4 W II \ S'A II 

* Not found in an y of the MS3. consulted. 





srft far ^ g«faR g«f% It \<\t It 

ff^^rwrrJT^^R^JT^T— 

^^f! 1 HTff^r^fTfT^arT^ 4 t^fTlF I 

ii t*v» ii 

aTWrt^T^’- I 

*faT*T<pwrfl f| ^wfs^r ^fpfr gfr&T: i 
qt^Wf^T^: # ^[: £ ^T#IT II SV' II 

?#r ^Ttr^ri^flf'M 3 n m 11 
^f^Tqf»: I 

#[5m ^k; g*?^ g«Tf ^ftgsr: i 

f% ^ rn %¥T £TT^T5r%^: II U° " 

anfjm faftgfr m ^stt^c. • 

3 mmw T^rf?^. "< \%\ 

fTmmfWfiRTff fRFmrcr T%g^r tftsfV* 

^3: 1% fif * 11 \ i \ 11 

W HiTC^JfsPT^— 
g*rcffflifcr got ?Ff 5 ^r <rfistrer w«i: 1 
%wwgfot 3 ^ fr^T 11 W *i 








8 T 


F^FT FFT: || \%* it 

WW Wfrft&T: %*T ^T FFJffiT ffcffaW I 
ft ^ a^r I! U*\ II 

^^ts^qppqt m^i q#r % FTO I 

«T55^fla*T^«aW|®rt f%!W 3TWf: II U$ H 

^ f - j i, , g ,ml ^ few# gjq q^csswr? i 


**W : 

f^T 55PT: II U* II 

amftSPfT: I 

ftfft: fl&T m^rfOTt# q W%: I 

qaf sr-TO j% F?lgI5TT gWRffr^^ll U^ II 

flF faSFf>'6qcff^ TFf^fST^F: TtFTH-' II 


II 

;fffi FT gqo|j|fu|^qf§T^K ^mrnpr: | TTFT^Fq- 
^^[cFTfffq TTfTWafFFT^?— 

*5ni>*rtnftR? TF^r^fffT: wi fta: I 

f^f^f# <e« %w- ii u* U 





MINIS r/j, 



88 






=3 t wfafW WW- II \*o || 
m i 

PT^i^ rt^N fasratf T%g i 
p^ftSRJgR ^f#xH ^ r% fiw ii H 

^rWlt&°T «TlfSrp I 

<nfr msn^rqiTfKSJH ws we ii ii 1 

^ \ & s ^ v 


»T^W:i ' 


f^TlclW?f ^t aiofr 1 

*?fN&n ?r? ?er it gnorr ii \*\l ii 

arehR^RTsnF 1 

m 4 T% |*T II {**} „ 

fit# ^mm- #spj; 1 

^trfq- fFT gw sprgjp fgf^ || || 

w^icM^r 2«rrf^ ?rp— 
arfTT^^l *TrE qof pi: HT§: l| || 








srfTTWrRf^i ?f| f# mora^sw ii n 

<rasHP1 

^ 5 ^ ^r>qvffr^m^q^ ^ | n 

srf^ifrrq^T^qs^HTiirT ^wjii K« it 

arenr^- - i 

ftf^5^?WF[T^n%: ^F1W%WFFF: I 
sfof^l^T sricTr fit fffr 3FTf><#rm ii i<r\\\ 

^qHT^q^rq^tff^fW^TqTR^q^: RF3f i 

qrqRq qpfr-sfq an m^fji KR II 
fJTTTR fitraofm^^'rTTRqR^^— 

%q tt^BlFRRq ^ I 

g-t t ^3 °t r#rct; 'F^ll ii 

arsft^TV: I 

Rft w^i 

H K* ii 

^P^oflRqRR^ - 

o qy q^pi w: ^'niRreiF ^qq%qn i 

^o^JFT^Rri RR1TO RTrfJRTqq II II 


The reading in the MSS is ?Tc$Tq, which is obviously erroneous. 

9 
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#RrcrnsTff: 


3T#I^W I 

0 0 6 N 

^T^T'Tf q|%%q*w qqg? qrqaFH ii K$ii 

sqqgqqpqqqqq-- 

^fiNt qqofonnp fen i 
^%q%q q fFPjq sq^T ft; q^'B55^ll K»ll 

qqftW I 

FT^T^T^FRFFqr qtfr q *nqq wq. I 
m %R<?*T %g$? qf^q^qt^T qf[ II KOI 

qqqfa ^qqgqqfqqqqqq- 

^q srqpre R^q ij? wiq% Rpq^L I 
qp^Hifas sq^rq^Tqt m ft^ ii \<% n 

arqitw: I 

sresr^&Tpr *qq?qf Fwtftecr 3m?j 
qqfqr qw ^n^qswf ill qfq^ii K° n 

aTR^qrqif Tqq i 

qWqqmm^TTq’r qqq R3^ | 

SK^rqof 5TFT w 5JTf ^ II W II 

RfT^^qqqqqHqq-- 

FTq^qTW^: fle&T35R?T: ^ *jq»#sqT: | 

q=E#q ^T^RTR^m h^tt&t^t ii Wii 


1 p adds her* j 
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tVlj: | 

^PtTTSRT^ 3 #K?T i 

SFf^^RfT II W II 

9nfi^TR«r i 

cfT5pni^r?^^r ^trctcFFcqfo ^ n \ %,% n 
sqf?q ?T%«R^ *fFTT%T: I 

y* ^ijr ft* H^off g»i ^ I 

srr^tfrsr gwimft- qft 11?^ Jn 

ftFRqWOT^OTk^^l - 

gjq^oipofftftrqqcfafgsrr-crr 3 *: ^-tpr^i 

oq^i JFRrfli { ^ - II 

amt^'FF: I 

«rr?^T^ ^ 1 

«rofTf^ 3 FR.ii \%< \w 

er&TfT^^T^Friif^^rSf?r rn *raft i 

II ^ ~ il 

3n*1WW>: I 

g<Jhrjjf3T3j;Tcfr 3Tcm ST^InT: | 

Ar *m*SF R<% | 









rN grokr wkk kwn r® ? 11 



555 ^ #4 ^ii ^°R i! 

FT©3v^^qpTTf^f?r^qjjqqpr^!T%4 l 
s$#0f gf&rcT faprqq^aT^^r^^^ || R o 3 |j 

sreT^Tg?: i 

^wgikf wff 3T<rsk 

qkFkTgk*rqfk^r?j fi^m W3 >^t:ii r ® «|i 

55kr fgRqajq^ i 

k? ^qikfkrq^Tkk q %m hr® r it 

kkqqetfkm #t sreRrasrerfawi^, i 
ar^f ; qlkmT fk qqk *$m?w u r o $ n 

3k%T3F: i 

^T%3f: 4»k^#?^T5[^<fTakg^*rifrq | 
fqqfWfWTRr ifk°T cT^k kkq4 frSTf || Ro\s|| 

fl*pq q 'jw^m i 

q$q fgFrr |£ 5 T% $s*JI \°<c n 

i^rkq^ mtsfaiw gq<nksR*q q fm- 
atenik ^qk T%q%sk qk fAk i 

«t gf^i sttr qT^Ti^n^TOq iiR®s n 







fft«Woqq£R: 


9B 


q<m q*TT I 

<rq fTT*^ 'BcS %^ll H \ °H 

STT^^^m 5T^I«n R#hT w: I 

stt ^sht^t fr^T %f^prift#i srcr ot il W li 

q?^q^q%nTrc?T ^rqqq ffofFT i 

qixfr ^Jrff^rflN^ ^ 1^11 ^ H II 

sraft^: i 

^SrqfRT^ctf&i^ q^q* qrf%^ wct: qqq: i 
3$ rrr; mft jr^r «g«tfr -snqt^q w\\ \ if 
qof^^TqF ^fn^-qfTsqi^ iq^inqmqT i 
555^ <$q q^si^qa! ^fqqqfeqR^RUi H*. « n 

Rqqp mmfi qoff RT>cq qfoTeffirc^T I 

^q^qfSrqf^ qfl itefa iJfrrewro^j n iV'ii 

ffq T*t ST^qq^ qqoraFffoR: fRTR: || 


fqfqqffr^R: I 

fq: qt ftsrqjsqqffr fq^5T5^TT sq^qj^fq: | 

Rrqi^qq— 

3^qT: &%Sg®Tr fl^BPT qq?rqRfqffq I 

q^qfrm^CRf *r<q# qqfa q=qqifq ii HK h 

arqit^q?: i 

qqq#rqqqT: T$ f| q^RW fanWWST I 

q?qq> RT fT fqjqg $lfq RfqrR II \\* II 






94 ( JTffarcmsfs; 

q^«fo§m: ^qjcgj^T: I 
f«rycq srm^PTfr sr^r^H^r htt^rt tfTC? ii ^ KII 
3*4%^: I 

qofiwft WRT I 

q^H?T grn^TI MH IRKII 

Ml 3^%!^W)*T*? ^ e«PTT5T ^IRKII 
^fTfq^TT^^^^R^fg^l^cTtTr^FTi: I 
3>TrT ^FTWfqjqq JTT%?PTWfr II R { II 

^qgrw. ^IH *WT«? I 

M m m*i 3*4 far^^q n VR n 

3T5TI^Tq?: | 

RRRi;': '': >'-•■' j 

fm %i%5iVrsre: m &cfi4 ^ f 4frr i 
swrer 'Ts q^i «rst $?4 li W ii 

JTfnqqg^q 5qnt#r% \ 

ST^RtN ^ qcqifT^ II R8 II 
efr^q q£4f qFTsn^qT^^ M 3W I 
wq*qrq«3 ^ fcsrFTifrr /i RVii 

?qf?qi qH?^35RR3^: | 

rP^qr q* r 4w' ^sq*m%4 m\ IRR h 


1 M and B add cT here , metrically it is faulty. 






3T5fTW^: I 


wrn% ^htp! i 

^|FTFF?r£3R«f «fJTI5^ 1% II ^v» II 



?T^FF^m#Tfr: ffifcm n R\< n 

3T^l%3T^: | 

%TT Wfaraift FT: I 
to feitoprffi: tii wii 

m?r^T?f^3 hf fj i 

5qr«TT=TT5^3 TOrwErriro i^rg it '^° 11 

%R^r ?rt% 3^fT mn%«? I 

^m^WTOTT ^ ?TfRTcPT II ^ 3TJ || 

FStCt ^Ijw: I 

TO w. ®F! 3RTFTWB II W II 



hewn i 

^(tWtO f^rT ^ w\\\ \\ 

P^'T^TRT^: I 

ptos yz*zpm #tTO^tt: w. ii^sn 
m: TW^ Utitootf 3*F£ WTO I 

^gomi: ^F?*rt*FT?: W- II W|| 


B o.oits ^ here. 











Ml HiST/f 






^7tw: ! 

*ipf qteF fgfrr^ <rl*r-* i 

W*1 TgROR^Sf W^ftf || im || 

«u v5 * 

f^TcTi«rr isSto «nti% i 

qsjgorTSf mT: ST^FWFR fcq II \\*\\ 


^m\: tf%jrT t| ^rtWRT^TT^ff %oRRjm<£ II 
1$: FqfttT# %«3K |CTIf %^= I 

tff FFpr ft?Fr ^ ?twth 1 
H 9f[£t ^ fFFFT ^ t CTS5FFRJR8'> II 

^araptfsrT: ff^fsTT: ^RSTJ^fm giBt: I 

amferar: l 

5T*Tt <?f*T FT^FPRt %55^ zm$ <*tg»: I 
ORqpt *PRFT T^TOT«TRSt II W II 

gm *4w&tl4 I 

*F5R1#T flftW fFFR f% =q '?[f*FR!! II 

<# qfwTwri qtf^ q 1 
is?pRW3rei snwwqqr qpm 11 





% wrr# =w i \w\ ii 

qpf jftsrwft: %55W? cWfr: i 

sswn ii \ v% ii 

^W^nW^nFWT MW W fhWWIW I 

VD 

^TWorWWWFT^^ap^iW^TWl^I^WWWIW FTTrl. I 

1% TOWWW f^t WTOJ II *8'« II 
<\ 

wnf w|: %c*F *rwf*?£g ft w*ww wwr WF|: I 

^ n 11 

*n3f IwMMr: s-gwrf wwisr i 

qsrcr =wprK swstfwwnt n n W u 

ant fwwiwn: ^f^wwwftwww w i%ir: i 
aren't WTRTf ^re3*wr#TOr^ ftri 

anwsw to; ?fm f% f*wnw q \W^o\ II 

qTf%w^nF^®r^f^nwRwn^ nwn— 

^t^TOTCWrfw t: STFWW; I 
t^wwwTwr #ari ^!$®infw w%ot ii ^ ^ n 
n^T^#? ^*n l^rorrfw^goigcqT i 
CTfrwwi 3TTRTw;mnw w*fwwtw; tw^rr^ ii u 

•pflfow: I 

t^fsrfr: i mn?f*wnw wn%w ww wr i 

q^T^T fe?R W*T Irfrq 5f? nM II II 


1 M and B read : * and it is obviously inappropriate. 







***** vz. i 

f^pT q«m m Mr R || II 

*?. ms^qm^Fpr: ^rffrn%Trrnt gni% ^.- i 

tfimw RRfftRST ^Rlfa q# *TO I! II 

WTi^rRr-sfff-T^T®i«rpq>R qn%q *h jrw: i 

q sf?3t rssfrq srM ^[%Tdr: irm~ ii 

**R ^T qqftsiT EjmqJFqdy R | 

^facTT fg^tq gTf^T q[q|q^ifr^ || II 

qTPTi&Rr^qiqrsqq^fl qiT%?rn$ SSqTR I 

¥«?q m fawq r for?RT**RrfT ^tr *q:im<^ n 

sRq^TRRq^qqq ^«n qjrRRqqqqrt— 
qR^I5TrF U SqRqqar: 1 

^Wrr Jorttt: MsRT: ^TORETr^ || u 

t^RR^rT^rqR qRJRf ^q^T^Rm: j 
^qsl qeqqqqqjsr q«qqjq ^ || ( | 

EFT 3 qsqq't wwrqqyq q=5^fi Rjfq | 

TTqqR^T: fqRR fTRR STff qorqr TTR-9T |R< ^ || 
l^qiRSTT^ W ^an^qR: ^qfyqqqifiq^ | 
q^S^q RIRtTI: f% q fWRqjl || 






$>$ 

^forsr: 3 I 

flqfeffiT: FTTWT ^ fo ^T s$j| fWTtPUl II 

#Rw^^^n%{5rviFTO^ WW ifsSrei: I 

^T^STFT ^t=IT OTT^tH: T% ^ f^<WT«L II II 

3fr^l 

^3^13TtF WV ^^Tfl^fT^aLl 

II II 

3T^T^r: I 

ffqsfiR: I 

3[t 3T ^m%Ti: f% II II 

of^^T^Scqfqi^^I^tTIsrJT^lTT^ I 

q<^TcT: H^tIT: *%'■ f^cW-WR || 

aF'iPT^r^T^gm <wmfrrawT: u \i<r\ n 

3 , ^^W^«fcT?T^TlTFqi i-ROT I 

^Tf^?n^iff[ 5? r^ n n 

%<%] f f csg®: <tf ^ §§tWt i 

^tbi r3^ U ^ V9 °^ ii 


MINIS r/fy 




too 




3 T?# ft ^ W sifarqteft ^ ^ i 

rrff&FWifirWT q fT: FT qtf?T 11 || 

a>m: ^ i 

cTr^fl^^W ^f| F? ?TOI^3^55^ !! || 

&t- &fa fa i 

yrpt t^T 555W sprtf^r^ ^ tt^t: 11 




%qifa ftwft ^tr fN^i Fifsrfqfam w i 

?r#^ f% ^gs'cfti ii H 

qt^qrqfsq#: W^qfWfmSTlf&TT qf% 

<%mj ^lertm q $;qmtm i 

dw^%Trfrfu wm mTfaKn&zft- 

^qrzvrryFW^rcffazf Z&lrfa W- || II 


srqt^w. I 


nfrr: faw^w qgFfr Fr^Tr^ #r: i 

m <??Tfr m fT TTT3T ^ II '<\s^‘ || 

wv '*+ O ^ 

FtRtFFTHT^^ q: ^S^Tfacf^: I 

l& q^t ^ ct qoFF II II 










355 # ^TS?ft ft W> II 



srtsr *fr TiftRwr<^r«ff*pf[s«i 1 
^f?t ^h# *r 11 11 

^Tf^r^rf^wts^r ^TT*r^f3ra*3 ogvij 

3^ JTOI^ SOTT ?T1W TTI% ^ il %<°\ || 

&%¥5%si^3*=n*T «rf*rat TRift 1 
^TttOTT^r*? flfesN'T 3<?Fte SH^II I! 

sr^Tcf,: I 

4Mfig > f f g^ , ft 3^ jj fo>?TH5TT I 
W|$+>dWHft*r Tl?ft Efft II 
T^TOTE’T mf lt^T%t qfl %frfT *r<JTfr if 11 W 

fks ««teg<i*pnwit ?n* i 

mftcTf^qf ^7%f5T^ Q? Cl^t m I! II 

I 

'r*TOl8#fc #S*rft I 
fB ^3%^TT^ ^TS5r fift^r II W II 





HcgcW ^jft *TFt 51 %'lSW g^mTT^: I 
^ *$& 3PT? W li 


3T?ftW j 

^T Tr^Tf^JOTl etffocT: 3T%>: I 
f^rwwfer^f%$?5 ^ ’T^wt ii li 

g^#Sfq Go? Wff^TWTRgT II i« II 

af*l$W I 

^TTT^HT 3fBRRT ^fimi: ^T^T* £ *%: I 
^rFTrTfr faftk ffwr> swsf^r ^ mm u |<r<ui 
?FT fa$PF=TOT* mm: II 


^^*Tffc=W | 

W^X TW3RWI sqy^tf^qiq: | 

^priT^F^wfFcsfre^^rerg, -_ 

TRTF^rcT: m: | 

ii ii 

«f$$W i 

^g^rTT^T 7 s ? TO: !%? I 

sraifjlf^r: m 5%^ u 11 
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3ITf?: ^^fc^RT ^TfR s^R^ffT: II II 

l 

^Tf^T^foTcT W*®: W: I 

^frtsspnfe: ft- sr^RTW II W II 

iHlftf^t^T 55T*f: ^ ^?fT: I 

TOt 55W 3°TT ^l^eWf^R ^ HTHafTrT || ^8 || 

3T^T^»: I 

^F^rr^r^l 3F=nT*r$fc<T55TT^ I 

SFft vftnv- ^ ^ II W II 

£%EKg^3f°FTT I 

^rf^FTHFT?Tfm^^I II ^ II 

^T^T3>: I 

3TWT^K^Tf5t^# , T , S^Rft^^^ ^ I 
3#^FTCmff^T ^Tf $ «m II ^V» II 

sq^sn ^^r#^^mT%^»Tii \%< 11 



MINfS^y 





irfatmmTf?: 


3^TT7 



frTF I 


© 



Wfm m*i ii w ii 




#!^TT|: W ^qr JT^: <T*TC*T Tm | 

^Tt w*®'. frcrrer qrr *r snwMfar h \» o h 


SRflfT&T ^tF JTftrmSf%f^ qfar^c$: || ^ o \ || 


31^7^ ) 


*thhi q^-nfFrr ^ i 

ertwh n h 

mffi^^qr^fRrTFfq^^ — 

T%?Tlf^fT%|^r^T^T'THf H^qfasrfof^Pf | 

3TT#r smrf 5 %crr ^TFrfasF 5 et;tMN>t ji 


ar^T^: 1 


STTT^wft -gl JT*®: ZRMttl I 

^•CTT^PTW TOWI^^T *f%W || vs II 

WWTfWI W$W I 

<3 

3 m q^c^foitq- ii \ou^ „ 



ii \°i\ ii 

^gwfRRTFra^fr- 

'idf^n *m\ i 

II C*^ N 

«rat^rsp: i 

'WHIW^TI?rt ^miST^SHT^ I 

jjrt g^ifrr s*r^ n x°<\ n 

TO^l^RTf# ^^WTT%^$: I 

w it «fimrfi^ II vO- n 
aft^Ri: I 

wm^- 'T?5SW^^TRf *»3&TFTt ^ I 
wrf%farf <% ^«fnwf(3^ n a \ n 

T^TOTHfT^F^T^^— 

*ra^r«prcwCT jropTfom ^^mrf%?t fs^^r i 

•wjitf e^p ’ficsmspw ii \u\ n 

anftw*W ^t gprfat m i 








9JT 5T# ^flsf qfc ^SRJ TKWI *rfac[ MU II 

«ri^» fprgwRTf rctr^r^* - - 

3°rf^clT«Ttfcfm R'RTR^CRfTf'R WI , 

sl> 

s^jj^jfpqr 'TWtffcTl fRS|% <T ^3 tRI II \ U II 

I 

m g<%rcmr?l? <?? i% ^rr i 
3nw3<»mi^%f^T fifareng jn%<RT^ M U h 

3n%«Tl!% 3 ^tTTH# Cr sr =? *ru: i 
fRjpTT^foffoF! ^f WR RIW WTOJ MU II 

c5*W $*: f^TTfRTRrT: ST3R: II U* II 
ST^IW^: I 

w3T3R$tf 1 

R%cT*rR«R R *W#lrRT?*RPqp>T l| \\< \\ 

Kfi?RnRH^TR«Tt frqR^T^Rqqrmr^— 

^RRTIRRfTT3T q^^tHW^'TeF: $Rn I 
IS^cfr R^cRTN'Rfcf* ?TR^I^WfL II ^ U II 

3R%R>: I 

3?WtR: SRTR feWRf ttm’imft: I 
Rq^Rfft^STRR^: ^ ?qR II \\o || 
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TTf^sq^?: 

i 

#*TTFT 3>facWF^m: q^lffT ^ ^ I 

PRI 

q fT^: ^Ic^T^: 1% WU *F>qq * stffSPi II ^ \\ II 
q ff^^qqm^r^qrsrqiqqqqqi— 
swF^raq^irrt forj®r: &S>: i 

o 

gqqoqqm^qFTF? g frqpw ^rs: li u 

| arqt^T?: i 

q^iqk^TrTTq^t q^Wt ^F I 
si qqq«r sftTifl: qqpTq wqi; w; n n 

gqqfqqFT^fTqiqW eq>W: ^ II II 

qqft^: I 

q^JEfrWT: qqq> q?7 fetfcm: I 

3tir: qqqqq 3pr^: %-. n n 

sTTETqmq^q^wqTqq^r^Tqqq^qq-r- 
q^qT%^7I5rq9TR5FT^TIJTqqqq q*q q?l I 

c53qf^$; qqn% |) ^^ || 

3T#Ft^T^: I 

qq-TfaqrFr ^fac^lfg q^R^# qq qq | 

m^ft qqf^ gq?q%^nirff^ h u 



fNrarn^ rt^r^ fcr tto*L u w<\ *• 

3Rt^R>: I 

srsr \kw\ r 3 f ^i^ i 
s^R^RRTRRf^tWter *f tot H^.h 

iremf i 

o 

%SrJTcm%^ faSR: AR* II II 
3T#T^F>: I 

o-q^z^l *T[OFn%R& I 

tnragwfoft ^s*R^W=rr n XUf n 

R*n*rcfanf *fea*rcft?n: i 

ffafesR: #r * 3 : ££Rt RTTRR II II 
®*WTOfarc??W^ fRTl% - 
fl^cSRRTR^ ftp ^T15R ^ RRfWT I 
mm FRR ^fr 5 ^ *R?3R: II II 
JERR *TRlfm I 

*STf$ S 5 fN cF?hfF$ 3$: 3^: 3*: ^TR^II ^ \ 8 - || 
^FIR^ItTRRRS' Rfft^R: fkr I 

3 

flOTfaBW II \\^ II 





i09 

FJFT HFR5t«T&T tfTPJT'T tfF* | 

3T5ft|^: I 

fTfW WTmft Jretftfc S^wwll 
«T5?T9Ht^ m q SF*?q || M*} II 


m m^sqqfK «Wta*tffi3?r twa^ ii 

■jfc 

?fq nfawrct aftiftreifor ^fi Fr^qf^ 
qrq weqqfR: pih: ii 




!?■ 3^: II \ II 

f%: W*T^RT3^1fR^n*l: I rFUqf— 

l%JTRofm q?^I^PTTS^TTWl% WFTFlfa I 

fsm T%r%^ mtefawr^r II \ n 
prgsH^r^r^snfSr i 

II \ II 

t^t fafSrar ixrq; i 

%ftsriR ii » ii 

ftg# 5 m tI^t4 r<r wsrr m he# i • 
tUsrh ^*t#wh f^ra gwr. srif: ii ^ n 

STCfrmfe =W3 tT ^ ^P^tR. I 
#?ft5R ^ ?tT ^ II ^ II 

5RffTfafRT°RR | 

^T^f^rf^T^^far 3 tft?r i 
SftfsTpT't 5RRTO <RE55T$Rf if#RT: II ^ I) 

3RH&R: I 

rh^HRTST STpRRgRRt I 

JmfcraiW H *ftSR || <T || 





%5prf&rfio?T2rfjT:. 11 

RMl^: I 

mTFT fffTT^i m ?TT«WT: || * *, II 

gsrsrcHsr stfflgsrw q^sj i 

gHsTS^wr ft ^t ito^ i% n \° II 

’TST^T^^T ^ S&SFmtlcf^ fT^ST: I 

cT^Siq f^prf 1 u \\ || 

^*? WMI I 

H*TC 3 wr ^ mm tfH ^TFra^tn^ 11 H n 

3rT*Trreg?sre?? s^iq^t: I 

faemt Uf^T^rafTT JlfopWTTO II \\ II 

^PTR: I 

^i%^Tfi u u 11 
mzm g# ^ref i 

^ *tot^t h ^ n 

5TmT?L I 

^TTJlftr’anS: «rffe^T*T: Hnm II U II 
?°3Tfk?TrTO %RT5R zm I 
q*mg®rT sqini Hr tfprag 11 \ * u 

fsft S&SBNftfff q fPSgf: i 

3 wHwKrcNh t% mm mm it \< ii 


1 The reading in both B and VI ig f%f^7TcT: ; but as this is erroneous it it 
jorreoted into n?T3TT<3|*i? 8 o as to meet the requirements of the metre also, 

* B reads for OT%* 




irf&RlWfltf: 




qftfasqfmWCsm* I 

fspm: ^ sngTNFl?: II HU 

o ^ 


BTTOTO: I 


3?TW>SFI^T S^T *tf^f: cfr: <B55 % I 
ajmteST^T 3 tT$ WrT 1% ^Tf H II H° II 

«n , WfTW^55Fnrr^— 

»mn%n ftgtwT stwhrto wimw: i 

f^NTOT^fpr: ^TT^<Tfrft 11 \\ II 


3T^tW I 
f^F*?T ki^Nt 3 I 


•rrwrersr ^^ifi^Rfer: *r: *$& ^ f^r n H n 
^Tgwrc^Rrer qssifrq^^-— 

^Tt^FTt sqrfT^JTor: vtfcfccr 'F^apftif | 

^qr^%3qr^ f^rfe^^gcr; 1 . H 11 


amtt^: l 


«mita?T?ST f^rr stfT^nrtsqirfa ^r ?m: 1 
*r: f¥ wt WT5T ^FfFWRT II \9 11 

vrw ^g^f^TT f^F^jor: *r fare »rfq<ra33 1 
*r<en£ Ffrm^ 11 \<\ 11 



§m*rffaTsqsr$TT : 
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3r3I55$T3R sqRTCfS ¥TH|pF: I 

*TFm 3^3 f^F 3T^T II I* 

RRjW qsf^T £SJ: 3?pRTit 1 

f§| i% wr » ^ n 

aTR-SRRR^^R 3 s^^RkST" 

smq^— 

f^jfrrcrf^t o-nrrf^r^^i 37f^TR3^ * 

i 

aqfTHtSWT^T fRI: 33^f|fafawr ! RT3 I 
aRtflSWI^T fRWFT ; ^TTfalRSTC: T% *3RJI ^ H 
RRfTTR^ 3 ^TTl^'-l^T 0 ! T ! 3 

fpq^Hf ^T3^f fiWTFRWTSf: ^TR^Tlrf. 

««T^ R%§°3R^5plt 

nf^T fi*wN» 33Rfe: I 

^ *f 3*3T Hftft: *$RfR?FT II H 

«T^T^: I 

qf^o^RNRRt ft® %WR I 

<p; RTft; f% TTfoT^ sqjfl: 31 *RR?3 II \\ II 



^rainfaF- 

wtcwhr.— 

g*?R«srcwTflrl ^ wer w \\ n ( 

®T^T^: i 

WW5fTf%r$c5 WI% II ^ || 

fcnmq^ | 

^#3Tr# fit II \* || 

2^U%TRUH[ ^ TOTOJ WR: II \<i II 

scwt^rrer smq i 

zpm; n ^ n 


# W II 3*3 || 

arer^W I 


«TWW* ; ^^Tf^RtSWr^ WRJ | 

t% ^ f% #rt^ ii \< ii 

Sfgfaq^lcfJ^N *Nm sqi^T^n^sRq^r^—■ 

sflf m^BT R^of i g ^Tf: I 

^Npwwrt «B$ it R^FcTl ^qfar: || ^ r 




4 

I 

^ ^PTC*T I 

5*TT^^t ?ar $iwngaR*r ^ n «» n 
r%g5i#Rar g*r: «?* wreifTfr ^ rh - «w ^ i 
®FWT F?$TF} ^FT^^ffmrK: II *\ || 
tr«?c5^s^ ft 5r«r^*sw *T«rio5g i 
^ q^sqfc r artrfiFrer araregg n n 

argronw 5 ^ sqi^if^rBgnsppr^- — 
s&gjprcnntf srprp^t 3 T*rtr *ri*rag i 
^m^^TOTT^mgcrrc^ ?ftot ii 11 


srm^THF: 


gqr «rfi%ft>*rr 3r*rte#f*r Fpf^ i 

ft» *r?<FTWI WB 1% t WF II 8 8 || 

srFrg^^F^R^g— 

gro?3#f^fhT!ft R^r^Rlr^j: tfgftB: I 
ST^mg^TFIRT ^g^r: 3FT: <T? sfal || VS || 

aTF^TF: I 

BT*q qjf^STW Sffte * frm Wnfa I 

* ^ ^i€\ ?w*wtto *rm?r 11 8* n 


^ fr^t ^ T^^goT ctf&cFT 
STWRcR cfapl TFlfft ^ =**§*£ II 8 vs 


<\ N 




imsr/ f y' 



<8L 
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%^p:q?crt SfT^n&T^ | 
*3**rw i ffrsg^T^ wim || v<: „ 


w mw I 


«t«t ^Triorcrg. 


rer: <?t sfow I cT?T«Ti' — 

-- 

35r^(ii^^f^0T 1 %^^ I 

(T| ; 3T^T , r?cR'?c[qsrs^frT|TT : 5fTq'T: II ««, || 
w^TiFr^R f w^3— „ 

Wm 5^<T^TcT?OT5J^30f q fsTW^tj || ^ o || 


3T5TI^T^: I 


T%g3T&5T?qTs1 ^T ?qq | 

ffsrq %% qfor# q || ^ \ || 

^ 37 : i 

&T *T II \\ II 

T^w% 3 ^ 3^1 5t#?3t srr^frT 3 7^t i 

3m<£&rm ff t% *tM 11 s ^ 11 

1 After this M adds the following : -rq^ir^qF? 3^fl$fllW*roiTWI 

qvrf^’jq^Yqq^T'srrq; qrq arecWR: *qr?r 1 
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fff: tr — 

gnsM i 

HFrgsrqi: 2 F°tt n ®v« n 

3T#T^T3T: I 

tf>qq§?SRq W mm- RRflfrWIPJ 1 
«ptjf ^ fJ5R<F55qft SR-IR R5 qf5lcRT?qfr II II 

arFra^srcq siqsr qifsr ^tfzRfa <w i 

g»: h*r f% qf^ifr qiq^r q ^tt£T*t ii " 

ftoqjFW^ q^RTST^Fqit# I 

ms^wj^wq qnfr *t>: *jfprf&rcT n ^ u 

sfarctaTHf T%Hnqgq?|# 3^: 1 
?tw qj^Trf^rF ^or^r«ncr^»5prFi5T ^3 n^c' 11 

RmwsRTf q^Tiwrenwrf^T^ 1 
qqqqT q^mT^TiT 3>pq5T ^^3^55TR II \*> II 
W v «tt^tt®ft qjprB55i?PH^i^r 1 <R 
q^nj-sRqqqqq— 

IfT^qsqTHT ^Tq^foRT WcR?^: I 

sqmqjqVrgq: rrir: torW <t?ui $° 11 

sprite: 1 

RFffTS7RTtsWI^T fq*g>*q*I I 

Krl*RrftftTC7 i t| % q ww 11 11 

$q*q If qtffrW I 

RKR: % W || II %\ it 


sqm^^cfT T%f^MT^%TT(^) mfo: I 
^R^RgomrccffTTRT RWRg II i\ II 

| 

^■- srRf^r: w 'Tf^cr ^4 m«i**r k 3>«rq 11 u 

3T*FT3»R$5Rq 

«r?Rre>rt s^ffTi ^cWfjr'T: i 

5^^TffT5qi?Tpk45^^iiT^lW4t»T: II* ^ !! 

$3 ^RR*T || II 

3T^T3»: | 

3RR3gj^T ar»3T $^l%*7RTS*?*rf4 ^ *RfR: | 

*•* #ftr: i% #$ q?4 cTf^sfrr^ n 11 

*#t~~ 

sHTtft ST^rq^R^RTofl Rf^RTcfq; | 
^TSfa^Tm^RT^^T^fTR? || t | 

3T4l^T^: | 

smmserr^T ^37: fr^pfemsmt ^t: i 
^ || || 

5Rrmsgr??T s^r RRR^iwRT *fm-- i 

WRRiT^T ^ R RR'qR^^|R|^ || $ ^ || 
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|^R 7 T' J T'5T 3°Tf ^T^gRTcW ’TFTcf'&^g 1 

wwi ^ ii vao H 11 

3T5ft^T3>: I 

■tjfRTWPTTRt ^ I 

^ qcfcf^-TF^ RF 3 ’*55^11 II 

qg^rRR*# ^qr ^gf%fcr- i 

t% g m wlji ^ ll 

'O 

gi viggorgsTHi^^ art 11 ^ II 

3or^rT3#T%^'snfr€fmf^5: *rgfts: i 

'Tf^mfig ^ ^ 11 '•^ 1 11 

o 

I 

trgfi^K^# sut st^t itr. 3?rsg I 

r frm rot & w ®ftm n ^ ii 
g*fftroterw ^?iwhi^w ^ *3rn?rc^rc*T.* 

^WRf!r~ 

g^gfaFTram?* ^*g:s>5raft I 

^<*1^3*1%tf#?g:^1 r r^fl^m: II ^ II 


1 The reading in both B and M U as given abcve ; but ^f^TtlT^TT^T 

’ 'O 

^ 3tfaf gites the required meaning- 







«rf&!5Rirc«f*: 


<SL 


3?3toh *T«q <ter ft* ii ^ ii 

^3f^^TFiiw«Tre1 gmWi; i 

^KT qwjfawpW f% tps gop?^ |( «<?| || 

^3^Tf^F?nren^ gmritft: i 

q«q qf^nw q^i^R?q 1 % q^g h vs$~ u 

^Pfirarw ^ an&KR»T*fof*? ^ f#'n$R$TO'f qjff- 

*3i*q^53~- 

gwwq; ^jRRt i 


rerg g sgprt ^srf&fe^^qto ^#3 n 6 ?\ 11 




gg ijft 1 

*7«q =q<5flft ^ flJRNfr: II <\\ II 

Tq^^qW3T|T^%»q I 

cufsr ^ffri?nqnrT 3 rq »55 ^’t ^nn 11 11 


«nrrot^r: I 


j?tc5^E*rc*T it *r«rer 1 

*rfM w 11 *\\ 11 





iwqjpj— 

qwGSs*. I 

<iKW\TC5r ^Tfoir ^rr^ 11 <%\ n 

«rafaT*F: I 

TS^^^FTT ftr&RraOTf * I 

flrcr U <s\ n 

rsfri%fm i 

n <c%\ 11 

sr^^T^»: i 

33^1^ i\ it ^ Pfwg^t ^TifTig i 
3ffm £«W35*TOqjfiPfi^ ^ ?T*fi: % || || 

gf^srpMpq ^ H *fa*CT- 
^m^fprt wwr TOT?%^fr: ^p^pnpRq * 

w— 



335 qf^r^g?ft Trtfftf fafe 11 <r<^ m 

1 

srJrg^ftwf *r 1 

^q=q ^ JIMrTrT^fr II <£^ || 

w *jwiM mva\ 11 

11 



122 jnSfaflTtflTfi. 

qt frspTf^ I 

enfmrq: 2 rt£ft3jt? ftqfam tt^s;i|: i 

Etfaqm: n n 

grsri^Ffr: I 

q;<frfe^ 3 #t ^ ^ 3 F^TT^T I 

spjq fqjTOTtq ^TW ^feqsTT^rafaHlTq II II 

^ t qffa m? ^ 3 *ft*?T*? I 

?rqq $]% II II 

qq*ft ^— 

srlfewfatef qfsM i 
snf^cfl q^Tt 3Fqf^ ^FT>fT3Tfq II <u~ II 
sra%nF; i 

f^q*^#^! qg^pr i 

*TT^T#fa*^T: ^-rq I%f%?fqry qT&m?mfr II <»~ II 
SE^frqT£pqfra^q%tqqqq^l~- 

^5%^fqTCf^I^[^qoT qTf?5>W5f^ I 
#q ^?fmffqiqfqf^frqT^ q u II 
9rm^Tg»: I 

wtm ^5tft q qt^ jprfe^ Cft ^ i 

f^r^qp ^TiftP % w ^m^^TWTgr n ^ h 





frrarT ^ 

STMT i gf4?r^f *tt^t ^ifeg^T- 

^fcT^rT gsr®^ i 

mm ^Sfc%^^T*TCTN *r ^155# I! ^\»J II 
«T^T^! I 

jr*# ^ tf^i^T =rif^i%^q^ i 

^ im u v~ ii 

sp*# srgsn! fT^^HT^WsfrfRt- 
^tr 4 ftgft fcrr f| £tf£^ I 

3TRTKTI *Tfcft §fr-' T>& 

*iS*wrc*s«rayf few<w?r n ^ n 

^^■R>: I 

^«r$SRq tom ^ Wgsfprr^T I 

^ II \ 0 °; II 

>J> <*-X* t 


m- 


rasra^qf * fam & $WW% it VM- li 

O \ 

«rafan»: I 

<*fwrcNrc*r fatfwmqr 



*? II 1 ! 




?n%rrm : r?T|’£:. 




^2^T*#q#«ft f?rgft?*T ^fa^T&TRT: | 

3*3^ <T1- 

3FtTt ^EficnW: It \ o ^ a 

3T^r\^T^: I 

^TS3tfiSF»ft5?5^ *ffal<*T TTO^JT# ! 
g^gg^rm^^^mn^r 3 <? u ? ° a^ u 

*^#r$ft#nTi ^tferrc «rt i 
^jorfaf n i ° n 

g^T i 

#g^^gT3g^g^i^ra?^ 9>o?f n ? ° n 

g«T*55wfl i 

w t>^.u 

t^wiw^t^gTsffTi|?T*ritg5rR^?rgwg— 

^5f gsrstf ^TSTffljofraifTt i 
viftw55wr^s4 fitfrcfrg# *r nfrm n \o^ (i 
3T^T9>: | 

fir^q^tPTF^OTfsrgsr^ to? mz sf I 
^fa*TC 35 wpjr ^ gWW* * #31 ii If 
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aaa— 

SfFqgsn'l %3T %^rf^^55S^3T =ai*qi<J | 

^# 3 : ^°TT 3#T M^rT TWt II \ \ °\ II 
aatf^: I 

t Tgia#* 5 ^ £agar^a apaarai^ i 
awifsaafag^ asr^qaaFaa? aft li W\ II 
f# spqsqqfTT: flW* I! 

q 9 T[fq^ 5 qq^T^:. 

fa: ai ^ifa^saafirgai^w I 

3 T at §raa>& T^fifqqr fft 

aTgfrfaar fra afa, affcrfaaT ^ 

fcru55 T^qlfffqqf m aia, £ra^ ai^fffaflT- 
q^rqi # Hia. ^(fafqjqTsj^Tqf^aT ?ra 

?rfa, T§?rRaa><»fa Taafotaarftsr aaaFTaa?fe*r T^rctfai- 
art fs^on^ar ai|#aataar &5PK& m% afa, f^- 
aFfFJ aaiai #iTSfaTa^aw«rg ?STT§Tsw?m 
^TteRapaN (a^a'a^iTaFTaai^aajra^a gapFTT&rf- 
^raqa^T Haft— 

^jja&a T5Ra^#gpi Wf apTa#faa i 
afoiaT aai ^v W- aaaaT^na^^qiaia li tUf n 
arat^Tar: i 

T^aforaa am aaaa;csr*q aa 5 aaafai 1 
3 n*T*q aiafT^t afaa aaan a 11 W\\ 11 

o * 






iMtSTfty 





126 




qfrqq m- *m$psreq qq ^5ig: i 
^ffejpfiSPq^T £w^r qqR q qrqq II UvJ ii 
ariqqq^sr^ q qMqq; i 

JTfOIW qrofa qq #q^TI^q qq ^Tf: II U ^ II 
Wit? # 5 fR T% 3 °ft qTgqqR ^T ^Tf •' I 
^T«T 3 ^ofts?q; tfqqq?srcq qm^tci n Ut ^ 11 
arm^TJ^q jqgpi tItpt mf"ii ?w- \ 

qm^r ii U^~ ,f 

q i 

#5: P qrpT f%qo|iq q sp-jq II U ^ H 
ap-tirf f^orff qif^w. ^rf£*r#rr wsn * 
rst H? qf^^riqqqjTsqspq ^q*w ii U^H 
gqq'q q-qrqqq^w^q qRqfwqqq ^ns^— 
^^q^of^SfTr^mRTTgHqqt^ lk I 

«rrq?rq§TTO £rsRqq T%qT apq II Vi°\ n 

arqif^Tqj: I 

snqqqgwq q qqfc: q^T I 

qi^Tq^Tf^TitqH#-. srmqiq % #r ii w\\ ii 



qqf^q 5 fiq ^t^^TTtq q?q q^fq | 

$v qtf fqq^giqjpn: ^feqfRufi: || W^-|| 


arqt^Tqr: | 


qoi^ q^tfi trfiq qrt^fqiR ^tt^t: ii tv^ ii 



3 >offS 5 T <WT%: # 5 T#n^S( ^TT^ W II » 

3FI^^ TS^Ffi Fw^^FT T%3TT' K T <FSpl I 
F»«(f 3*fl 'FT^TN *F*FT II I' 

3 T^T^: I 

qfTT^: F ^T^TT I 

spq^^m **T<W4Ff«S I! $M} H 

^•of^rff fs^off^cF^FlcT ^FTTN^ <£^T I 

33 f| 5#r 11 11 

STSTW^: I 

sn^arwFT t| 3 tfft w^t^ttfitt^ i 
eFof^i ^nsgsrqt: qiTHFf 11 K\<\ 11 

=? fTMT 3 TI^ 5 ^^FT 



m* ft ftf 11 II 

srqftW I 

wnm^TcT 3 *33: 1 

*F#g^ $ mm 11 U°J n 





lag 

ariTOJTWfonsft TSTflf^qM fl?<TFTf m\ I^FT^- 
wra: fi^f%cf flfft, «rqqi $qgqsfq 

fl«(i flft flWqfl* flf fl^sqfqr 3TT1 lM#^fl^!T- 
*rf TS^ITfli l^T, *Nffl Hq^T^^WPTT 3TH 

fg^ariqi serf sr«r- 

#3^ fsjot flier, flffc^srgsrfliTfl^fl^rfi— 

^rr^^fcRf «rflf i 

5 ^T CRJ^^^rN^flmflFTflg^II %\\\ || 

. 5^#r cTffl^n^: ^rgon eft; *:7I^TF?flT ! 
T 3 ^pfr#t|cl W%fl fl^UT | 

c \ 'K 

ils[fw#t|: flflTflflfl^l^ II {\\ II 

•w O 

3T^T^: I 

3Tfl*l5^TflIlf#^ k 5ptfsg°I^TT: I 

sm flrfor# fs^erf 7^3^ frtffl || U» II 

3flflrf^fl^ k zmz mwi: I 

o 

*n%fl TOT fl^ltflUTT II t%\ II 

k vrqqflj qflj% fi^pTq. i 

IS3<JTT TSSfNfl^TT^ri w\\%w 

irW7^qflflqTflflf^qqn?^30I^3r%- 
flfl§«r asrM rsflqrq^sr^qgqrflqfl^rfi^— 

7^I%TP#qqflI?qTR q^rt^T^qq^ffl^ I 

ftjqpq qffl ^^pqqrJsTT^q: |j {\vs II 

^T^T^r: I 

fgfl^flfl^gq flflT; flqqpflq flfTO | 

7 «a flfl qwflfl; qj|: effl || || 
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TW. rn ^ *If: ^T **#•* 11 H* il 
t twffrrfan ftefl#* i 
qftft gq^RR ^Tf: ^T li ?»° II 

fe*R^ , pr$% ^r^rtr^T *R rriwr. I 

o o 

fETToii M^;- ^r sn§: sn q^pn 11 !»U 

f *ir - 
sft^sqt H^TFq’ qftSR^Rtf^^RR H^RTR 
^TR^R^T ^r fl-q^^-5fT?rq^r^q ^ ?Rt%|3T^R*T=<W ^R^' 

^TW^nrq^ ^ *f=R— 

^qq^Sf^R /*§$ fl fcWq^Sf^R: I 

vlifr ii W ti 

o 

3R^R»: I 

^IJrPgt 5R^r: vflffR^ T^HW^R^ I 
f^oq H ARg^l II ? 9^. II 

q^Mw ^ R*$*q: in « « II 

qqqjliqqsn: % fRf^RRT M5fWR I 

ft <RRR3^t m H W I* 
frraT qq^w^R^q ^Rq^sr- 
$qprqqR q ^- 

^qqm?Rq q« qq^srcq qigTiufcR i 
qqfqgW RRRmWSHFTfcqRT ll UK II 




JTpfMflff:. 


3 RTCW: I 

it ^ ^ 5 ^ 1 %: i 

'RSSSPWW g*W w: % *[W grtfeft II { «V3 II 

*rr^T, iSijjfft 

2^ R%?cq, fS?T^f?rrf^ 5 n¥qi qR- 

g>* c *T, 

3^rifWT 5^ ^ife: I 

f 52 °n flgwr g$&«r: ^fr 3% irfteisrp 11 \ *< 11 


*K ^ ‘ ' ' " O 

aisrT^T^: 

rs r\ \ r\ •*% „ r--, N 


tfftS' fot % #?r I%% f%^T ZV I 

fBW^W$ftfrgg?n$ 35TT fe#RUR I 

itgsr g^iterR *rfat 11 $<\° 11 

3 T^T^: I 

VWfft foW ft?PT^l?p»W tJWRH I 
W*raMgrof ^Tf3^T^^»# ^MI {S\ II 

fTMT faW^WSW* 

<R 3 #TTS#^ 3 mil 3 553 STRR I 

%$rt fawF^wgsr^qr n 11 
mmw- 1 

jronrft &%: vm i 

11 

g^gP 3 «n«^W! m’s fif«rc 11IM-J11 
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W,- 


^R*TfotcT^ fMT cTr^i 

*nm 3 spTt^t' q^ fqfq&sqq t 

mmv q w w ^ri% n t°v» • n 
3 *qRqPF: I 

^qiR qq*q$r#^q q qf’fasRirq. I 
*qifo q>qq aff qqapq $ qr§3 II II 

^qqfacTWf<?qi qrr^fT ^^faq^rfffqfqqiff- 
#q^q qqq^qq^^q^Hf^qRqqqq^ - 

f^Rfl?Ti^^T i 

a*q: f| Tsqqmif^q ^n h 

SiqRw i 

q^nfq £q*q feqqftgqwT I 

qjqq qra qsrq*qq^qq>TqT^ n 11 

q^qqfaqq^q^^qt fri<qT qc^qqf'iRT'Ksqftqqfqqqiq- 

qW*jqq-~- 

»r^5T%ri ^^Rgqqqqqqqiqsq^^R^H i 
3: ir^t fireif^qq 3% q ^fwu ^ 11 
sratt^: 1 

^qrR Rwq^q^q?? H^qFTam^ 1 
s Rif# Wpjfm qmifq: % ^ 11 l*^ 11 
qq^fq ^qqi%qj«fi^qi fir^i ^^feqqRqsnq- 
qq^qq—- ____ 

1 aflr?qr ought to be ; hut thie form will not suit the require- 

mente of tbe' metre. 
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^r 


^fErforic^g^: ^gf^TT^CfcTC I 

^Tl 4 rTr^ %|f?T II ^o| || 
c*tt ^ mv fifcrot *r#t w; i 
fmFTcTCXT: II II 

3 T^T^r: I 

£ w£ [^^Tsfgsr^T ^nSr i 

£t®fis *rfpfr h# *rfSr<r<T«rfr 11 ii 

I^TFra 1 ^ fTI^T 

3 TT%T v£ W 3 T[W: I 

wfif wffT^q w vm'td vftw ii ^v ti 


ar^Tf^T^: 1 

f^fW^T ^ W pfter^ I 

gfr gr^qspmsg wig <t 3pm n \ \\ 

aqFf^TR^m%rr?jS q q fT[^! ffSH^n^'^- 

? ^W— 

w# 3% Fi^t i 

feff* IT llr^R II ? $ «^- II 

areifw i 

irM ^ q^r s^m^F *tm*i i 

TS^g^gi^fr: ^ w^r^T =f II H 



I 

W ^ W s*TRfm$ I rf^RT^ I 

?TT^T ?T# *W]TO II U^ II 
5?H^|f^^5q«5 5JFTK3 *T fH^T 
^jrf^r^sirfTJTfsrg^F^^ ^ ^frf^T^rsqr^R^^ ^ 

*&r~ 

qwfprR^ qfTRSTlf^%l^ I 
^T%?RT%gW ?PW frHR FF^^T: || ^<T~ || 

3FTT\W I 

tjjfr ^ ft<RT •T^TfcT: ^FT: | 

f%W*T ?TR 37«FT RWf%35TWR *T II II 
*Wi$P?f ^FTTOR: $ 5 % I 

fgSWTO ^WHmVrgfr ftFfaRW II || 

^ q?PT»rf®Rni® ^ fTMT TOf^fTfar 

?^~ 

TJ55?T#fF^j5 fsrgtFT ^TRfTfT^r stff: | 

ft?RT%f?n*T ^Torft^r n u 

mfaw’. I 

^SR WI?f I 

wfaFTi sgf «R fsrfRftgsrm gsrfl^pqBji v^~ u 



fIMT 5- 

«^tTTT%^Tfrq?Tf^ofT^ W ^ 9 T | 

3^33nfci^ ^ 3 # fesra*g*£ u 11 
•rafcr*: i 

3 ^ ? ?t Sift’* w irms$$^] xm; 1 
W ft^ h? 4 ^3^m<pwpitt1%^ II t*#* 11 

*iwt rrar^fTK- 

ZFWJW& ?9fl^FTrfeN*f 5 ^ m tf|?mg*3l$5r*n^ cTfl- 

£m*J 3jqfT¥R'TPT#Sl'^ ?J- 

n~ 

3®W?!S5$Wg^3Itr35SW ^ ?5*^: jf^T: II II 
aTWT^T^: I 

^ SHTtfiW RTTrR5T^TWTfW: I 

sfT^ 5P«tf Wtfe tfN> 3>l 3TR: II \vs^ II 

^fi^I^TW-T WT^T I 

awRlwfft $$ *rh ^ 3 ?vr«r n ?W 11 

TTFIcT sjf| II \*<\ II 

^ni%w§§°TT w i 

a re^ qreqTor ^T®q9t W <3<^n% II \v»^ || 
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fTRcH rrRcP<F5*T$ $**4 *R|F fFW- 
STStf ^^ITOT PKrTTtfT* 1 ^ 3T cTc^rP^«f%^ ^T WJ- 
*q ?PW 

Vj$ VTCTlS ac^^FRTS^tcF 3RcRT3R*RPHsn WT I 

SRTI ^4[qvf?iqT>|zfi: ^orf^T- 
*R^5W^^ ? <TWF'>FTfTfTT WVH I 
^rarciRWTFwr ^ 5 ^— 

fcT»^t ^wRFT3jr#f m>Trt^ ^ gjfaft1 

ariml ft || \<o\ || 

«ni%nF: i 

3TRF«rPcKfr^ , n^F c ^55^ =tt| II K^ ii 

fSrn^^Nr^ I 

^VmT f^TT: ^m«ri gftsq«TW55«r II \<\\ II 
st^t ^ w?*r ^ ^r^r^'rrw ^ ^r; i 
5RWSF«rpn?ff: c rf^cfr ? # wm. n \<\\ » 
3R3BWJ ^fW'RR? ^ cr%fRTPJ I 

t#iTOiRm «wft n n 

an|*rf?ftTi^ ^ i 

2 ^|s^ ^gf^T: mi n H 

^af*rt 'tr’rritw i 

x%- mm *|ssi«r ^Rc5«^m ii \?(~ ii 
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srTfflTCT#??: TTOf. RfrjSTr 3 # RW I 

II li 

mm?Rm cR '7 I 

SU^'iU’-T GfiSpKn T 5 RR 5 T || || 

3?W4 l%fT3# ‘ l^: HF[ *qirgs<ftm I 

3FT *t*SR?F: ?JKRT$ %5RT c#R. II ?<f^ » 

frrfrr crfon; 

OR W qfrR RR flrR»^r3T3gf?fto f^«Tcft flRTf 

cT?R**T 35 SKR*T RR^- - 

frfaRR m* *w: ^rii i) 

3T^T^»: l 

*<r*#r RVRrcrm^fFr: w. i 

R* R JR^I f^TT^ '*TTT: || || 

R< 3 ^ ffcTP tfHS# *ffcR*rr> W I 
RR*l R *#T Rff: II ? ^ II 

«^t"^l4l l%rftT5RR: gfTSft Rc<fi55 3 RR: I 

^pWfaWTT cf 53 ^R: RRR: || II 

cT*R RttfR^OT IT^T R I 

'frSRffffW Rc^Rq^f^RR*^ || || 

q^TRRRRE^Rm^T ^RWqT RT[ | 

w|^ 3 «*rcT^»T^f:qr ^rltwrf^ f%gfr mi li > ^} u 

1 g^t ^ is the reading found in the MB;>., but it is not correct. 

3 Trie Sandhi in i* grammatically incorrect ; but the author dooms 

to hare intend 'd the phonetic fusion for the take of the met e , yide stanza 204J 
of fhie ohapt© r ' 




^srnf&raoqsrfTC:. 
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q ^ frr^i zwm- 

^^pcTT^TRfff^qr frmr qir rpt 

«i?wqpr *£#r ?rfr sfesrwreq qqq^qRqq^? twt- 
^tf^qprWT q HfqP— 

f<T 5534 I! ?«U~ II 

«T#ft^T^: I 

wm W 5 ^ W«T^T^T«rT # 8 : I 

q«? st^t mrs^m qfffaftcrrpr u ? 11 

^TqfR5^^5T^TI3^^? J TT ? TP^iW4 qft 

qr^T ^fi'Tr^^?T^qiqi: ^T- 

R^qHqqRT ^oftn^qm^pq q ^q.— 

fq^WqT fgqoir FTRqTq-qT?n^%fqq I 

*Pprqqp#q fnq^sqf^q^fq: II {%<?) II 

3T3%nF : I 

qiqFrqt4^r^fFFr q<ft*$ ra&qprq i 
^sft^qnqTtrqTcqT^Rr^^: n 11 
m fStf^x^F^qWFq: I 
qqqftqfT vm\ wsqiR: finjrqfr^ n \oo^ 11 

itRiq?TT^q 3F*nq*q st T*tfti?Fq st 3cftew*n<*T- 
srmqgwtf 5 ^ wstt qftq^q fr&fTgqF^ 

^qf qi qRrf^rsqpqT^fqi qi snqPTTgtf RR^tq 
12 







Ml NlST/f, 





§& vfa&xi mrifem 

ti i 

RT^g%#f^ <Tfa»* : *? qqgq f%#7jfq !} || 

Si) * ^ 

HT’# sgcgjjffi: RF^T ft II ^ o ^ II 
riwt mRwm^§?fl&RT«r cTfr*qf^ i 
^rfevqr ^ £1 hr^Rwiat fwmp} m h v«^ n 

«r^RF: I 

W'TI^V: ^^TFq^rj^TFfffR.* I 
?f #«T RTRT Rfr?l%T 3TRR || 
ft ^TTcff (TsTfiTFRf^ HPR II II 

RTR^TWI^TF^Iwr | 

jwfffo*ret^ fP?t«r ftrcwtRwat ere n ^o# u 

3TT^RT^[ftRI fTT fl'CfRR ?RR5T | 

SFRlWT m\£ cRBR II 

TOT^FTT T%*Rt i&wiks^ JrMcfff || II 

r!R«T gt^T^R^IWr«r f^TT IH»^ II 
it rT-*T«^3t I 

ftstf’S eirefft^ ^tctt i%rii h 

ffarteerWrfofr *Rmf^T. 

fr^qpm^rq.— 

t sfi is grammatically incorreot since there can be no mt&hi between 

,% in the dual number and ; vide footnote on page 136. 
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%5pTiOTflo?T6r^;:. 


* 





'5*rft^ fFtFR: ^Tff: II H*V|| 


3RT^T<fn I 


i #pf vr^rfR ft ^m^Tpr «jNnn«m: 1 

3TOTT *F#T *TT *Ff# cTRRR W-T II \W\ II 

* 1 ^ ^nfe?n ^Rffn% i 

TO|f»na*FT SWRRRR TOT# II W~ II 

^ T^rfsr^Rr^piT} ^refrsrcnpr- 

TO^TTO^ ; I , Pnj=Rr-- 

^raR 5 *TOra»T qpftprsn ^31 
gsramt mivj 11 


3 T^T^: | 


TO5?«rw r%^Tffrft^Tf^r rfrr i 
iftft: W SK^T gsrpq f$? R ^fw*Lll \K*~ II 
3Tf JR RRIK *RT ^T&T Rt&T I 

# #$* II H II 
T^f^^r^sri^TTT^r 1 

T 3 m^ 3 T«r*TftT 3 Rr®^ 11 II 

*%T ^TT^TSJf: J#»TS^T f 5 W*T 3 [ I 

# 5 sr f^c^r: || || 

^ A 

^ ^STTfW^T ftTOTg^W# I 
^j$*T [%sg^»n«ffrqT: ^ sn^tPR Will H \ II 


13 





mtsTfy- 
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<SL 




5 TIf g$*|§f# fM | 

arritr^ffB^ wqas il tl 
T&SraTgTOTC? TOTg|%3T ^qq 3T* I 
^T%TfiN^ H ^ffirRpRq qft ^FH II \^°\ \\ 

^gfr^^f3€fT^^tf^TT^^cf5;q HF^T?TI?Tg%5rT0rT gqu 

FgsrfTf ^rqqqqqq; — 

555^5qT^WSqFTT ftW <W FtB*T I 

55 s^r *pn u n 


3 T 5 TTfW I 


gtr^rqsqm^qt^Ti^^sq I 

qqqgqSTRTe^qTFr q# wiser II W^- II 

tfiwrjrtf fru 3 $^qaq^snf^Nrot 3 ?*t*tfrt q 

q fTMT ?RT^ 3 nwFcm^T?»f■- 

*mr- 

<|f& FT^T F^^Tfq#qff^IFT%cf qft | 

^=n«T??TTffr fq^qisq II H 


fpiftpp: I 


?m§?srtfM ^qToit q^wiFt q i 

^pttJFFrfrT f^rfTT FFTMt^ il II 

qqgrTsqmfrf^qTqii^Sfr^qi ^TT°r qfaF^q itsfimR- 
^ar?q ^qiH^fqiqqqHqq— 



141 


®^TTWT>m ^ I 

o 

^ I%[f^rHTfT: II ^^11 
3 T#T^J^: | 

^Wt ^T ffW 5 Fm[ %S*T if I 

T^sT^T ^ 3>T ^Tl?H*IDT«qT^g3 fTT WF II II 

tfqf^TsTSqFRq ^ ifNw ^n^TI ^TOTfTf^TT- 

5 WT^^— 

Wet I 

i«q $rnT$ft3 fcsn%T?i; n\^ 11 

ar^T^: | 

^r fiT^T ^ I 

*V\$ it ^ir^TT: 3>: ^TT^T*rt ^ II W<\ II 

^ ^TOWWqf =q fTMT FR€xrfNl*T qnqwiTH* 



^ ^T>«r JtWrTTRTKynt^: I 

^|rnT«qqj%TcT^»%€f || || 

*n*T^R>: | 

^ w|wq^*q^mT%r*R z I 
sqy msf qsqsq-RTT 11 II 

fmfrrsq^qpr ^>t i ^?^Rq 5^3^« 

f^PT<T^T ^qT I CT^IT T^FTT g& re fi fr- 












JTPmfTrcffl'*:. 


q^gi^q ^Tr^qqq |^q^mn i w^ H 
<w fror^qRprq^q qqq— 


<K 

<\ *s 


SETT^iqsqT^T^qF 3TT^ q$Tqq>: q^q°q: I 
qq q q*wq: t%fqfferf n ft 

arWIf^THF: I 

qqffrqitqn'l STft^rq^m%qjq% i 
qiqsgr ^pi qT'mq^qt-qqqT qmq^q n n 
#i ^ 3 jim 3 qq^F: wren u 
?fq mmf% qm^Tf# q^rqkNT^q ^t £qqf&rq 

qjq qH 5 =qqfjT: q^TH: || 




mm 





^S’WT^TW^T^igi^Ft 

O 

mm 5TtfTT% T^TTm r%«T^WT?nT II \ || 
&*Tftr q# 3 fll%rTTFf 

<N 'RSTR 5I^fTPWT^TH (%) I 
^ < tpfT^T^ 55 q^qf^^r?^TT^ 

m — 

HT«^Ti irf5T^7r<T^^TfTTFf ^*#1 ! 
cfW^ ^pr^T^TcTHIf M II 
wm%^$ffqq?fqqr- 

£r 5 T 9 ^ t^TOT W qfacr^ I 

§^rf^ 5 T?^ ? -T ITcHfWW ^ffTHloFTqJT II 8 

^T|: ^frr^rp>«r ^q*r 1 
mm m*m f% n ^ 11 

fsrgsRJT sjifsrsTpr^ m g 1 
<*£?^TfSM f% wr 11 K 11 

fimmswq mm if wf&mt<w?Pi 1 
%i] ^ Hqiqiq T% II vs 11 

^iqfrqp^q sqTtf: q^f%Rif%: 1 
qfe^nswci ^pqqpj iro m^m 11 <" 11 
w 
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:*r#cT$W£$ g ^ TOI 

etF^rt gS^mcTWT^^— 

^f?n* : ^?fi?«rfT^T^^ipTiS3^: i 





gftor mi\ 

frsr^rrT^cTfTrTf^t <Kc5 fPTpffa 11 1° H 

*Nfar ?r^?iqm Iternt ^rgm ^ i 

3^0^55 II 

tfijFR fl wt gwR55ti ii ? V" n 

3^Tf^: I 

3Vl\ MRW1? %?&* cT3 I 
£p^ ^ f% JTm ^Smi^T^ i* sftsrtui li 
^NT {f^TI^T^ ?T55 I 

^ ^ 11 II 

5fIMT f^TTfl^TCTf VYg^fa I 

m zmi f% II ? || 

3Tm^^ ^FTFf^ne^ I%TTT: I 

hi\SV\ 1% <R3 w || \ <£ II 
^ \ 

fam ^jfL.'ter <^t m ^s*rg 11 11 

Wf^: ^ T%^TtT^ g R^T I 

flRfrW =5f W-* ^T 1% <^T JTI%n?55fLll ^ II 





f4!rrsq^lT:. 

g&SSpf: # q vwnm I 

*Hr fs fo mmft mn qf^ra^g n \ <rV n 

^Tf^mr: Rmmwr*R*q q Twr^nqi m nit- 
g^T^>R5(?i^q *ricr ^rcFrfoT^5Hqq-^f q — 

^Tf^cTt FRFm%^T?rT%%gcri T?l | 

^RRsrg^ qgfarT sqw^ji&irr: u s ^ ii 
«5tg^s^ m4i **$ g qfTRTqg i 
g^Hft^T q ii ii 

3T^Tf:. 

■^3 3 n , 3^rw gfTT^t tori wfsmg I 
*?®^ffaT 5 wr: *g: n g?--n 

^FRqgqqRT fq^fgTT^cr g^riH: i 
^WT!%^ TO! qp#R M«TT II gfe II 

qgsT37T?5rf<T m Rffi^FFRW % q*q ^qj%g 
frrqT ^m^55ig 3T?#W ^RfiSFTqJTFT q 

S?HL— 

qqgm: ^R?m ^ |*Tf^W I 

mg^iTTiqf 'K^q^rq^f^r % t - ii ii 

I 

plfty:$i'' ■r^yi'■' " ' /■• '}'; ■' ■'■, ■/'••:■ '. ;. ••; • / ■% ) : ['' ; ■ ''■'■{ ■>.. -• ' .* 

cri^[%qg|wTOrq twr ft ii ^ \\ 

14 -A 
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zrrt crwc^roiHi 4i t«r: ir 4 ^ ii 

«w ^r%?^pr^T $4f^TcT$3Tmf?Frf q 3r?ftw?r- 

fjrm^rp^*?, ^ ^ww qqq.— 

jprgor^t ?$%^: i 

n M\w 

3T#1^3T^: | 

tfR^gTSTT *\$l TMTFf^*f I 

Nt 3% fraT^qy gsrp %sq qfq^q: qr: li II 

sqmi<mrl*mf qq qfosqrafrf^ } im? i 

t>o 5 qqfq it \c^ ii 
3Tq%np: 1 

^ qtejsftnw i^m*q I 

ffc sqfcffTK^Rc5 qW>55 q i) ^ II 
wr^srcq wprsqflfiftwssefi **&%&*>&& *r 
W— 

qi^rp? i 

§gnr w \°\» 

3T^TW>: I 

iqsrcq q ^iffiwgjTi yF t ^ r wfam i 
1% sqyqfii?^^ qf^m ^ ii n 
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^TrfsqgfTT:. 

qqfqEWTT&qqqqft q®&q 

«TFJt ?wkr qN qr^^q-qq^qq — 

^ffmTT^i: R$$?f$qqsf: qq^fr^qT: | 

< 7 fm^ ^ K=T[^: ^TcRiin^^l’Jfqi || 
f#r’TPTfim rT^r^TT^t qqpcT qff c qiq II \\ || 

^q%F&: I 

W?f: qoTWf: ^l%^FT JT^W ^T%. I 

qqltfqfrqRhm: n lx n 

%Tj^TcFppq^ 4 iTfaTc( 5 q^ qqqmiqRTf^ORfq ; 3 R 
q*qf*2RcTI*? — 

tfqqgTSff qrfT qqfRqqi qq^q m I 

fl i ^ re^Fsreqm w^rfsqqR^qj^qi n ^ ii 

o w 

vmvt ftf^rr crt qqr i 

^c%’4 wi\ sraRROT q q iff ii u n 

arpSt fm^STT qqfRqqf qq*q 3® I 
aff^qq^qqqr srsqm rqqftqT q qr^^n i* n 

o 

3 T^ fqf%qrqq^qf qi c qf 3 <t qrq^r it 1 
?tt qq^ffiqcrqsqKirq^q tr^q 1 

q?q 4 wr mwm q fqq<q «7 11 11 

^qqqf^r qifr qq^fqqr qq^q q« 1 

o 

qf^mfsaa&rci qf 4 qif^qqr%#iqf rt ii H: ii 

o \ 

qrfiqfqqiqai m£ f^rRRraq^tfft 1 

rr fqqoRq q t ^%4 qsqqroi q 11 »<A 11 










: nrFtrr?TR'?rf^:. 

EfTTI JPr^T # I 

^jc^fmTif^rrr^^^T^Erm n«u 

f^S?TT 1 

prgfforT st^rw T%g ii a ^ u 
?7<T WTrTS^fR WffiTm fT^g I 


T%Rfar%cf*r. 

??r: M ^msq^fr> T%T<T^T35ri?ft^T*t: I m MR- 

*TI9T— 

^S^BraFmfTTR: II a^ II 

etw fg^SFPR^ 

^9—- 

9KPE55gg$?T gtjj ^ | 

t%i%wE rrssim^f wte^mf^TT n a^ ii 

ST^TcF: I 

1%: ^tr^gr^T fflsgsrr | 

ETism mtw^ipr; ffiw wr jiw? ii a<v| ii 

^ftSEFT: W 1^1*7 II ^ II 

W^RTf I 

qfeETg^IRWf ^cfig^l: T>m JlfafTfr || tfvA|| 
aTPffi^WW ^T*?I9: f^rTIT: I 

o 

^ Eiq^s^rRWFffT^Ef ii a<^ ii 











sqm: m q^ft^^TR: I 
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qjR II «q,| II 

sqm: wm>q tc^tsto #for 3$: i 
^NWfi: =FT% *g*N$T*ft mrtom il ^ II 
iresr qt^ 3 T f%R^mqr: wh *r? q wq: i 
sqmTg^r n <\^- \\ 

?sqfamqi 'Tfqfnqf mi tat ?sqmriWTqqR 

^ qfimmft swmmFqmq q qqq— 

• *\ 

gRW^R: TPTcfTmqqq: mfmqqfmg^: I 
^ 3 *^ 3 ^ wwm*% II v«t^ II 


arqRW I 


IT^T °qm: qmq*TT*|qqrgmq: | 

^ T W W\ ^ ^17: || || 

qw ^i^i> 0 T qq hiW q wg-cR- 

qqmq q $qg— 

gftg# fi*pr qiqqfogqsmrgqqg^Fr 1 
feqRWTCTt mmwE'W q>*m *g:11 <\ u 


gr^RT: I 


JTR 7 [ff 5 q ^ 5 lReqmmr sfppfl f%^: | 

qa-mifRcrTm^^i: %mr: m: || II 
mSR^Sq gSIR^mq^q *pq[ | 

^crfj^j qm *f: mRW ^RTcTP II Aj^ II 










g’WU^q}: 

<T*f$RFTWT q ^3-— 

mvs 5TTR-«rmf^ i 

3^$#% f?r ft WT (TTfn%- il V^- II 


3T^TW>: I 


s^TT^: RH cf?5 f^TI^ff^f^'ei': | 

«rft?reKia^ n \<\ n 

ffTOfTNT 3P*Tf 5Wm^3^S%rfSR*Tft: I 

vmmiwmwwi wvm: m: # I 

o 

qfe%^|: q Pwq sTIf qj% 11 II 

*Hn*ISiR*T$ 3T^cR55q# Rtf <S*k\<m§ m 1 

sqrmi^r m; i 

wrgcfm*mH$m: n $ ? n 


arai^T^: l 


w 3^ ## ?wm: n ^ n 

fft WWaW*tf r%lt*TFm ^PTTflJj | 


JFvSf^&IsqqfR; 


f^T: <W ^^pqaifRJ^Fff^r: | qq qf^^r— 
f^rg;q wgatfsr qqf?r i 

?ft iri^fffTf ^q-f^ II || 
m ^I^Tsm%|»TR3^g q^qqjrqq | 

5 7 Ifn?'F l TT I f! a TI’RfRfTTffT || ^ jj 
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WW TO. I 

n t<\ i» 

?TO towt *tprkr *ttot gfarr i 

? r m ty Tff ; mrT to; ii $$ 11 

«fWfswfq5^^*iwi^^r i 

^ora0*f55TOTO: fr'fNf 0TO: II II 

O ' 

3 T^T*p: 1 

TOfTO*! sfHf: «fo*T f^TIST 0#t*: I 
fllfsTW *fRf*Iftr g»F<T5T ^fl% i» II 
50 TO 5 ^# SB^WI®W5Fr: ^m- II 

?m hiw|% jtftchti# *f$rfftr*i$w ^ to: ^m- 
TO5I?: TOT: II 



STfFcrf^T: ^TTFrT^T: prsrpTf I 

tT M II 

anff 50^fT?I^^m *Wf«n*T:— 





WFfT T^TT^T ^ T^TFrr^ I 
cTStT^t ^Tfw *&Vr 
'iwjRinf 11 3. 11 

rrf^s;«(TnT%?F5?n W- 

fTre^qtfe^ fif^T: Ftft^T- 

^r*#ffTRT^TFHT: 11 8 II 

t%35(§t u *\ li 

3fiqr wtert i 

T£R3<5T| ?TT^ f^^TSTT^ ft 1 * II $* II 

f^sranssmt#* wrac i 

ilTOFTFT^Tqilk^TS^ ft* ft fl&f I) ^ II 
f^RF ^fR[gwf ^4fM^Tf#rCTyiior i 

m# u u 







**m\ frsT d?^i®i^«PRjjPi-— 

UFU &FI ftjOTT m ^ gjfffc 1 

3W(i cf=5^ #^ tfRflft JfFTrT II II 

3T3r%r^»: | 

r# m$\ mr f^3®TT % t% \ 

aTTClISefsW ^ IRRTht ^ f*RT I! ^ II 
f^TfeT STIfl rrt qfsgrp^pRj^ — • 

af^<T T^THRT i?^T% K?rf^T% 3T& I 

^frl stonarej K R~ n 

ar^T^: | 

T%^=5^m^T%T^TSBt^fr f^r m i 
sfa*JTWteT: «PT srf&RT: ^:' Pflf^RT^rUf: || U~ II 



V I 

^r^ptt rMt mrn R~ II 

i 

Refit STftTR^NFli TOg^R®*! 1 
anal Ttwnf fnrifmimw gross: 3>: n X \\ n 
wrMfifW.. i 

^StRR %PRFT 1 

rPTO RIWFWIT f^PfT II X »' II 
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wrtrwC : - 

*Tfg^ 38 TOT »Tfc-q^[%%T fi^JOTT i 

o 

<T^rwr ^Tf mfq: wfaTqTffqfer n ? ^ n 

o ' 

WSflftW | 

SK^TTW^^itq^rqjf^qi i 
fg^qTmfTte l^TRT.* m qq: m$- I 

s^fr fm\ f^tai \* w 

^FTrTf^^rqfqr STfftft: ^Tf^RRI 1 

00 

imT 11 k II 

3 T#T^T¥: 1 

s:r^^TT| 555 rfr^^sTqTf 1 
^TF=rf qfrqrprr hi qn it^rant^ f£t»j n K u 
qR^Tqi^ot gsw? qiqwRq qR^mqqq— 

qdt qfwr: ff q^Fffqr wst 11 11 


Vj^giq^q ssq ^iftxqTTSrcRqTqT II ^ II 
3f3l\rrq7: I 

f^Ti^q: -fa*# f^^werr. qr?r q#r 1 
gsq^mr \km ftremm wm ffr ^ 11 ^11 


1 jNoT* found in an 7 of the AS S3. 
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srnsqanpr:. 

^TTOTfOT ^ =af fTMT TTO 

^TTO#ST | 

^WfT to n \\ w 
aW^Tap: I 

TSRTFT^T: WHi TOT f^TOFTSTO I 

fg^i ^^fto f*#^*TOi f% ^ m tin 
anrrfoiteflr^ i 

TTOTf^T: TrFR: FTO fVlTf^FTO I 
T%qfTT fS'FTO f^T^PfflnTT TOT II W\\ 

arre^^iro: fito q- fti 4 q 

gfT^ITO: TT^pqf *f fTf^T WTOfmff- 

^TOm^sr W'gxfii i 

%TOfrT35q W- TOW fwj: TrPR II R II 

TOfTO- - I 

%^t ftw^s-TO ikvm 4Mt to i 

fTOffte: % ^Tftft^FTT TO II II 
5Tf5TH[<q^Tf^?fqiT^^#qTR?T5rq—■ 

>• o 

^TfTOWSTf^TOftsr 5 TtTOTO i 

■O O 

W 3TfRFP ^TO^TO FfTOfST If IRC || 

O V3 ^ 

ai^TSF: I 

3TfSRmTfSTOltST 3 FTOS I 

*"© o 

STfTO TO^^WT W*t TO II ^ || 







156 




3 Tf #F*FFfr I 
33 * FP^FTT ^Tf^qr fT|fTH?j TqffiJI V° II 
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ENGLISH TRANSLATION. 


CHAPTER I. 

ON TERMINOLOGY. 

Salutation and Benediction. 

1. Salutation to Mah&vrra, the Lord of the .Tinas, the protector 
(of the faithful), whose four * infinite attributes, worthy to be 
esteemed in (all) the three worlds, are unsurpassable (in excellence). 

2. I bow to that highly glorious Lord of the Jinas, by whom, 
as forming the shining lamp of the knowledge of numbers, tho 
whole of the universe has been made to shine. 

3. That blessed Amdgbavarsa («>., one who showers down 
truly useful rain), who (ever) wishes to do good to those whom 
he loves, and by whom the whole body of animals and vegetables, 
having been freed from (the effects of) pests and drought, has been 
made to feel delighted : 

4. He, in whose mental operations, conceived as fire, the enemies 
in the form of sins have all been turned into the condition of ashes, 
and who in consequence has become one wnose auger is not futile: 

5. He, who, having brought all the world under his control 
and being himself independent, has not been overcomo by (any) 
opponents,and is therefore au absolute lord (like) a new God of Love : 

6. He, to whom the work (of service) is rendered by a circle 
of kings, who have boon overpowered by the progress of (his) 
heroism, and who, being Cakrikabhanjaua by name, is in reality 
a cnI'rihdbhanjana (*>., the destroyer of the oyele of recurring 
re-births): 


* These four attributes of Jina Mahflvlra are said to be his faith, understand¬ 
ing*, blissfulness and power. 
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7. He, who, being the receptacle of the (numerous) rivers of 
learning, is characterised by the adamantine bank of propriety 
and holds the gems (of Jainism) within, and (so) is appropriately 
famous as the great ocean of moral excellence: 

8. May (his rule)?—the rule of that sovereign lord, who has 
destroyed in philosophical controversy the position of single con¬ 
clusions and propounds the logic of the syddrdda *—(may the rule) 
of that Nrpatuiiga prosper ! 

An Appreciation of the Science of Calculation. 

9. In all those transactions which relate to worldly, Vedie or 
(other) similarly religious affairs, calculation is of use, 

10. In the science of love, in the science of wealth, in music 
and in the drama, in the art of cooking, and similarly in medicine 
and in things like the knowledge of architecture : 

11. In prosody, in poetics and poetry, in logic and grammar 
and such other things, and in relation to all that constitutes the 
peculiar value of (all) the (various) arts : the science of computation 
is held in high esteem. 

12. In relation to the movements of the sun and other heavenly 
bodies, in connection with eclipses and the conjunctions of planets, 
and in connection with the trtprasna f and the course of the 
moon—indeed in all these (connections) it is utilised. 

13-14. The number, the diameter and the perimeter of 
islands, oceans and mountains; the extensive dimensions of the 
rows of habitations and halls belonging to the inhabitants of the 


* The syadv&da is a process of reasoning adopted by t he Jainas in relation 
to the question of the reality or otherwise of the totality of the perceptible 
objects found in the phenomenal universe. The word is translatable as the 
may-be-argnment; and this may-be-argumonfc declares that the phenomenal 
universe (!) may be real, (2) may not be real, (8) may and may not be real, (4) 
may be indescribable, (5) may bo real and indescribable, (fi) may be nnreal and 
indescribable, and (7) may be real and unreal and indescribable. The position 
represented by this argument is not, therefore, one of a single conclusion, 
f Tbe trip rain* ie tho name of a chapter in Sanskrit astronomical works; 
and the fact that it deals with three questions is responsible for that name. 
The questions dealt with are Dik (direction), Dcia (position) and Kdla (time) as 
appertaining ts the planets and other heavenly bodies, 
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(earthly) world, of the interspace (between the worlds), of the 
world of light, and of the world of the gods; (as also the dimen¬ 
sions of those belonging) to the dwellers in hell: and (other), mis¬ 
cellaneous measurements of all sorts—all these are made out by 
means of computation. 

15. The configuration of living beings therein, the length of 
their lives, their eight attributes and other similar things, their 
progress and other such things, their staying together and such 
other things—all these are dependent upon computation (for their 
due measurement and comprehension). 

10. What is the good of saying much in vain ? Whatever 
there is in all the three worlds, which are possessed of moving and 
non-moving beings—all that indeed cannot exist as apart from 
measurement. 

17-19. With the help of the accomplished^ holy sages, who 
are worthy to be worshipped by the lords of the world, and of their 
disoiples and disciples' disciples, who constitute the well-known 
jointed series of preceptors, I glean from the great ocean of the 
knowledge of numbers a little of its essenoe, in the manner in 
which gems are (picked up) from the sea. gold is from the stony 
rook and the pearl from the oyster shell; and give out, according 
to the power of my intelligence, the Sarawngraha, a small work on 
arithmetic, which is (however) not small in value. 

29-23. Accordingly, from this ocean of Sarasangraha , which 
is filled with the water of terminology and has the (eight) arith¬ 
metical operations for its bank; which (again) is full of the bold 
rolling fish represented by the operations relating to fractions, and 
is characterised by the great crocodile represented by the chapter 
of miscellaneous examples ; which (again) is possessed of the waves 
represented by the chapter on the rule-of-three, and is variegated 
in splendour through the lustre of the gems represented by the 
excellent language relating to the chapter on mixed problems ; and 
which (again) possesses the extensive bottom represented by the 
chapter on area-problems, and has die sands represented by the 
chapter on the cubic contents of excavations; and wherein (finally) 
shines forth tho advancing tide represented by th<* chapter on 
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shadows, which is related to the department of practical calculation 
in astronomy—(from this ocean) arithmeticians possessing the 
necessary qualifications in abundance will, through the instru¬ 
mentality of calculation, obtain such pure gems as they desire. 

24. For the reason that it is not possible to know without 
(proper) terminology the import of anything, at the (very) com¬ 
mencement of this science the required terminology is mentioned. 

Terminology relating to (the measurement of) Space. 

25-27. That infinitely minute (quantity of) matter, which is 
not destroyed by water, by fire and by other such things, is 
called a parenndnu. An endless number of them makes an anu , 
which is the first (measure) here. The trasarenu which is derived 
therefrom, the ratharem , thence (derived), the hair-measure, the 
louse-measure, the sesamum-rneasiire, which (last) is the same as 
the mustard-measure, then the barley-measure and (then) the angula 
are (all)—in the case of (all) those who are born in the worlds of 
enjoyment and the worlds of work, which are (all) differentiated as 
superior, middling and inferior—eight-fold (as measured in relation 
to what immediately precedes each of them), in the order (in which 
they are mentioned). This angula is known as vyovahar&hgrild . 

28. Those, who are acquainted with the processes of measure¬ 
ment, say that five-hundred of this (vyamhdrangula) constitutes 
(another angula known as) pramdnu. The finger measure of men 
now existing forms their own angula. 

29. They hold that in the established usage of the world 
the angula is of three kinds, vyavahdra and pramdna constituting 
two (of them), and (then there being) one’s own angula; and six 
angular make the foot-measure as measured across. 

80; Two (such) feet make a vitadi] and twice that is a kasta. 
Four hastas make a danda , and two thousands of that make a 
krdia. 

31. Those who are well versed in the measurement of space 
(or surface-area) say that four kronas form a yojana. After this, I 
mention in due order the * terminology relating to (the measure¬ 
ment'of) time. 
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Terminology relating to (the measurement of) Time. 

: ■ : _ ' 

32. The time in which an atom (moving) goes beyond another 

atom (immediately next to it) is a samaya; innumerable samayaa 
make an dvali, 

33. A measured number of avails makes a,n ucchvma ; seven 
ucchmsas make one stdka ; seven stdka* mako one lava, and with 
thirty-eight and a half of this the qhati is formed. 

34. Two ghatls make-one muhurta \ thirty muhurta* make one 
day ; fifteen days make one paksa; and two pahsas are taken to 
be a month. 

85. Two months make one rtu ; three of these are understood 
to make one ay ana ; two of these form one year. Next, I give the 
grain-measure. 

Terminology relating :(the measurement of) Grain. 

3b. Know that four sddasikas form here one kudaha ; four 
hudahas one prasiha ; and four prastfm ono adhaka. 

37. Four ddhakas make one drom, and four times one drbnu 
mako one mam ; four mania make one khdrl ; five khdrzs make one 
pnwartikd . 

06. Four times that same {pravartikd) is a vdUa ; five provar- 
Ukds make one kwnbha. After this the terminology relating to 
the measurement of gold is described. 

Terminology relating to (the measurement of) Gold. 

89. Four gamiakm make one yunjd; five gunjds mako one pana^ 
and eight of this (paw) make one dharana ; two dha-ram* make 
one harm, and four harsa$ make one pa la. 

Terminology relating to (the measurement of) Silver. 

40. Two grains make one yunjd ; two gun fas mako one mam ; 
sixteen mdfas are said here to make one dharana . 

41, Two and a half of that ( dharana ) make o'ne harm ; four 
purdnas (or karsas) make one pah— so say persons well versed in 
calculation in respect of the measurement of silver according to the 
standard current in Magadba 
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Terminology relating to (the measurement 
Other Metals. 

42. What is known as a kola consists of four padas ; six and 
a quarter kalds make one yam ; four yam# make one arhsa ; four 
atmas make one bhdya. 

43. Six b hag as make one druhsuna; twioe that, (drafcsum) is 
one dCmara; two dinar as make ono satera. Thus say the learned 
men in regard to the (measurement of other) metals. 

44. Twelve and a half palas make oue prastHa; two hundred 
palas make one tula ; ten tulds make one bhdra. Thus say those 
who are clever in calculation. 

45. In this (matter of measurement) twenty pairs of cloths, of 
jewels or of canes (are called; a kottkd . Next I give the names of 
the (principal) operations (in arithmetic). 

Names of the Operations in Arithmetic. 

46. The first among these (operations) is gmakdra (multiplica¬ 
tion), and it is also (called) pratyutparfna ; the second is what is 
known as bhdgahdra (division) ; and krti (squaring) is said to be 
the third. 

47. Hie fourth, as a matter of course, is varga-mula (square 
root), and the fifth is said to he ghana (cubing); then ghanamula 
(cube root) is the sixth, and the seventh is known as citi (summa¬ 
tion). 

48. This is also spoken of as sahkalita . Then the eighth is 
vyutkalita (the subtraction of a part of a series, taken from the 
beginning, from the whole series), and this is also spoken of as 
vesa. All these eight (operations) appertain to fractions also. 

General roles in regard to zero and positive and 
negative quantities. 

49. A number multiplied by zero is zero, and that (number) 
remains unchanged when it is divided by,* combined with (or) 

* lfc can be easily seen, here that a number when divided by zero does not 
really remain unchanged. BhAnkara calls the quotient of such yero-divisions 
hhahnra aud rightly assigns to j,t the value o! infinity. MahfivlrAcArya obviously 
thinks that a division by zero is no division at all. 
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diminished by zero. Multiplication, and other operations in rela¬ 
tion to zero (gi v e rise to) zero; and in the operation of addition, 
the zero becomes the same as what is added to it. 

50. In multiplying as well as dividing two negative (or) 
two positive (quantities, ono by the other), the result is a positive 
(quantity). But it* is a negative quantity in relation to two 
(quantities), one (of which is) positive and the other negative. 
In adding a positive and a negative (quantity, the result) is (their) 
difference 

51. The addition of two negative (quantities or) of two 
positive (quantities gives rise to) a negative or positive (quantity) 
in order. A positive (quantity) which has to be subtracted from 
a (given) number becomes negative, and a negative (quantity) 
which has to be (so) subtracted becomes positive. 

52. The square of a positive as well as of a negative (quantity) 
is positive ; and the square roots of those (square quantities) are 
positive and negative in order. As in the nature of things a 
negative (quantity) is not a square (quantity), it has therefore no 
square root. 


53-02. [These stanzas give certain names of certain things, which names 
are frequently used to denote figures and numbers in arithmetical notation. They 
are not therefore translated hero j but the reader is referred to the appendix 
wherein an alphabetical list of suoh of these names aa occur in this work is given 
with their ordinary and numerical meanings.] 

The names of Notational Places, 

63. The first place is what is known as eka (unit); the second 
place is named dam (ten); the third they call as sat a (hundred), 
while the fourth is sahasra (thousand). 

64. The fifth is da§a~8ahasra (ten-thousand) and the sixth is 
no other than laksa (lakh). The seventh is dam-laksa (ten-lakh) 
and the eighth is Baid to be koti (crore). 
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65. TJie ninth is da&a-koii (ten-crorc) and the tenth is $ata~ 
koti (hundred-crore). The (place) characterised by eleven is arbuda 
and the twelfth (place) is ny arbuda. 

66. The thirteenth place is kharva and the fourteenth is mcdid- 
kharva. Similarly the fifteenth is padma and the sixteenth maha- 
padma. 

67. Again the seventeenth ia ks6nl, t-ho eighteenth mah&ksfdnl. 
The nineteenth place is Hank ha and the twentieth is maha-kiMka. 

68. The twenty-first place is ksityd, the twenty-second 'maha- 
ksifyd. Then the twenty-third is k$$bfm and the twenty-fourth 
wahd-ksobha. 

69. By means ox the (following) eight qualities, viz., quick 
method in working, forethought as to whether a desirable result 
may be arrived at, or as to whether an undesirable result will be 
produced, freedom from dullness, correct comprehension* power 
of retention, and the devising of new means in working, along 
with getting at those numbers which make (unknown) quantities 
known—(by means of these qualities) an arithmetician is to be 
known as such. 

70. Great sages have briefly stated the terminology thus. 
What has to be further said (about it) in detail must be learnt 
from (a study of) the science (itself). 

Thus ends the chapter on Terminology in Sara- 
sangraha, which is a work on arithmetic by Iffaha- 
viracarya. 
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CHAPTER II 


ARITHMETICAL OPERATIONS, 


The First Subject of Treatment* 

Hereafter wo shall expound the first subject of treatment 
which is named Parikarman, 


Multiplication. 

The rule of work in relation to the operation of multiplication, 
which is the first (among the pmtkarman operations), is as follows:— 
L After placing (the multiplicand and the multiplier one 
below the other) in the manner of the hinges of a door, the 
multiplicand should be multiplied by the multiplier, in accord¬ 
ance with (either of) the two methods of normal (or) reverse 
working, by adopting the process of (i) dividing the multiplicand 
and multiplying the multiplier by a factor of the multiplicand, 
(ii) of dividing the multiplier- and multiplying the multiplicand 


1. Symbolically expressed, this rule works out thus 
In multiplying ab by cd , the product is (i) -- x i 


c 5 ° r a ^ * c< ^‘ Obviously the object, of the first two devices here is to 

facilitate working* through the choice of suitable factors. 

The anuloma or normal method of working is the one that is generally 
followed. The vilihna or the reverse method of working is as follows;— 

To multiply 1998 by 27 : 

1998 
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by a factor of the multiplier, or (iii) of using them (in the 
multi plication) as they are (in themselves). 

Examples in illustration thereof . 

2. Lotuses were given away (in offering) —eight of them to 
each Jinatemple. How many (were given away) to 1 14 temples ? 

3. Nine padmardga gems are seen to have been offered in 
worship in a single Jina temple. How many will they be (at 
that same rate) in relation to 288 temples ? 

4. One hundred and thirty mine pusi/ardga gems have to be 
offered in worship in a single Jina temple. Say, how many gems 
(have to be so offered) in 109 temples. 

5. Twenty-seven lotuses have been given away in offering to 
a single Jina temple. Say, how many they are (which have been 
at that rate given away) to 1998 (temples). 

6. (At the rate of) 108 golden lotuses to each temple, how 
many will they be in relation to 85697481 (temples) ? 

7: If (the number represented by) the group (of figures) con¬ 
sisting of 1, 8, 6, 4, P;9j 7 and 2 (in order from the units’ place 
upwards) is written down and multiplied by 441, what is tho value 
of the (resulting) quantity ? 

8. In this (problem), write down (the number represented by) 
the group (of figures) consisting of 1, 4, 4, 1, 3 and 5 (in order 
from the units’ place upwards), and multiply it by 81 ; and then 
tell me the (resulting) number, 

9. In this (problem), write down the number 157683 and 
multiply it by 9, and then tell me, friend, the value of the 
(resulting) quantity. 

10. In this (problem), 12345679 multiplied by 9 is to be written 
down; this (product) has been declared by the holy preceptor 
Mahavira to constitute the necklace of Narapala. 


4. Here, 139 is mentioned in the original as 40 +• 100 — 1. 

5. Here, 1998 is mentioned in the original as 1098 + 900. 

10. Here as well as in the following stanzas, certain numbers are said to 
constitute different kinds of necklaces on account of the symmetrical arrange¬ 
ment of similar figure# which is readily noticeable in relation to them. 
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11. Six S’s, five 6’s, and (one) 7, which is at the end, are put 
down (in the descending order down to the units’ placej ; and this 
(number) multiplied by 33 has (also) been declared to be a (kind 
of) necklace. 

12. In this (problem), write down 3, 4,1, 7, 8, 2, 4, and 1 (in 
order from the units’ place upwards), and multiply (the resulting 
number) by 7; and then say that it is the neoklace of precious 
gems. 

13. Writedown (the number) 142857143, and multiply it by 
7 ; and then say that it is the royal necklace. 

14. Similarly 37037037 is multiplied by 3. Find out (the 
result) obtained by multiplying (this product) again to get such 
multiples (thereof) as' have one as the first and nine a§ the last 
(of the multipliers in order). 

15. The (figures) 7, 0 , 2, 2, 5 and 1 are put down (in order 
from the units’ place upwards); and then this (number) which is 
to he multiplied by 73, should (also) be called a necklace (when so 
multiplied). 

16. Write down (the number represented by) the group (of 
figures) consisting of 4, 4, 1, 2, 6 and 2 (in order from the units’ 
place upwards); aad when (this is) multiplied by 64, you, who 
know arithmetic, tell me what the (resulting) number is. 

17. In this (problem) put down in order (from the units’ place 
upwards) 1,1, 0, 1,1, 0, l and l, which (figures so placed) give the 
measure of a (particular) number; and (then) if this (number) is 
multiplied by 91, there results that necklace which is worthy of a 
prince. 

Thus ends multiplication, the first of the operations known as 
Parikarmcm. 


II. The multiplicand here la 338333666667. 

14. This problom reduces itself to this: multiply 37037037 x 3 by 1, 2, 2, 
4, 5,6, 7, 8, and 9 in order. 
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Division. 

The rule of work in relation to the operation of division, which 
is the second (among the parikarman operations), is as follows: — 

18. Put down the dividend and divide it, in accordance with 
the process of removing common factors, by the divisor, which is 
placed below that (dividend), and then give out the resulting 
(quotient). 


19. The dividend should be divided in the reverse way (i.e n 
from left to right) by the divisor plaoed below, after performing 
in relation to (both of) them the operation of removing the 
oommon factors, if that be possible. 

Examples in illustration thereof* 

20. Dm&ras (amounting to) 8192 have been divided between 
64 men. What is the share of one man ? 

21. Tell me the share of one person when 2701 pieces of gold 
are divided among 87 persons. 

22. Dinaras (amounting to) 10349 have been divided between 
79 persons. What is it that is obtained by one (person) ? 

23. Gold pieces (amounting to) 14141 are given to 79 temples. 
What is the money (given) to each (temple) P 

24. Jambu fruits (amounting to) 31317 have been divided 
between 39 persons. Tell me the share of each. 

25. Jambu fruits (amounting to) 31313 have been divided 
between 181 persons. Give out the sha-re of each. 

26. Gems amounting to 36261 (in number) are given to 
9 persons (equally). What does one man obtain here ? 

27. 0 friend, gold pieces (to the value of the number wherein 
the figures in order from the units’ place upwards are) such as 


20. Hero, 8192 is mentioned in the original as 8000 + 92 + LOO, 

22. In the original, 10349 is given as 10000 + 300 + 7 a . 

23. Here, 14141 is given as 10000 + (40 f* 4000+1 +100). 

24. Here, 3.1.317 is given as 17 + 300 +31000. 

25. Here, 31313 is given as 13 + 300 + 31000. 

26. Here, 36261 is given as 30000 + 1 ^(60 + 200 + 6000).' 

>87. Here, the giveti dividend is obviously 12345651821. 
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begin with 1 and end with 6, and then become gradually dimi¬ 
nished, are divided between 441 persons. What is the share of 
each ? 

28. Gems (amounting to) 28483 (in number) are given (in 
offering) to 13 Jin a temples. Give out the share of each (temple). 


Thus ends division, the second of the operations known as 
Parikarman. 


Squaring. 

w The rule of work in relation to the operation of squaring, 
which is the third (among the parikarman operations), is as 
follows:— 

29. The multiplication of two equal quantities : or the multi¬ 
plication of the two quantities obtained (from the given quantity) 
by the subtraction (therefrom), and the addition (thereunto), of any 
chosen quantity, together with the addition of the square of that 
chosen quantity (to that product) *: or the sum of a series in arith¬ 
metical progression, of whioh 1 is tho first term, 2 is the common 
difference, and the number of terms wherein is that (of which the 
square is) required : gives rise to the (required) square. 

*30. The square of numbers consisting of two or more places 
is (equal to) the sum of the squares of all the numbers (in all the 
places) combined with twioe the product of those (numbers) taken 
(two at a time) in order. 


28. Here, 28183 is given as 83 + 400+ (4000 x 7). 

20, The rule given herein, expressed algebraically, oomes out thus : 

(i) axo^fl 2 ; (ii)(a+») (a-ff) + a?* = a 2 ; (iii) 1 + 3+5 +7 + ... up 

to a terms = a*. 

30. The word translated by 'place hero is • it obviously moans a place 
in notation. Here, as a commentary interprets it, it may also denote the com¬ 
ponent parts of. a sum, as each such part has a place in the sum. According to 
both, these interpretations the rule works out correctly. __ 

For instance, (1234)* = (10 00*+ 2Q O» + 30- + 4 s ) + 2 x 1000 x 200 + 2 x 1000 x 30 
+ 2 x 1000 x 4 + 2 x 200 x 30 +*2 x 200 x 4 + 2 x 30 x £ 

Similarly (1 + 2 + 3 + 4)*=(l s + 2 s + 3 £ + 4*) + 2(1 x 2 + 1 x 3 + 1 x 4 + 2 x 3 + 2 x 4 
+ 3x4), 
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31 Get the square of the last figure (in the number, the order 
of counting the figures being from the right to the left,) and then 
multiply this last (figure), after it is doubled and pushed on (to 
the right by one rotational place), by (the figures found in) the 
remaining places. Each of the remaining figures (in the number) 
is to be pushed on (by one place) and then dealt with similarly. 
This is the method of squaring. 

Examples in illustration thereof . 

32. Give out the squares of (the numbers from) 1 to 9, of 15, 
16, 25, 36 and 75. 

33. What will 338, 4661 and 256 become when squared ? 

34. O arithmetician, give out, if you know, the squares of 
65536, 12345 and 3333. 

35. (Each of the numbers) 6387, and then 7135, and (then) 
1022 is squared. 0 clever arithmetician, tell me, after multiply¬ 
ing well, the value of those three (squares). 

Thus ends squaring, the third of the operations known as 
Patikarman. 


31. The pushing on to the right mentioned herein. will become clear from the 
following worked out examples: 

To square 555. 


To square 131* 


2 x 1 k 3 =5= 
2x1x1 = 

2x3x1== 

1*W 


CD 


To square 132. 


17 16 


I s 'a 
2x1x3= 
2x1x2= 
&* = 
2x3x2: 
2* s 


( 1 ) 


m 


J : 


.. B z = 

2 x 5x 5- 
2x5x5= 
5* = 
2x5x5= 
5 2 ~ 


1 7 4 2 4 


25 


( 5 ) 




(«> 


( 5 ) 


25 


30 8 0 2 5 


33. Here, 4661 is giveu as 4000 + 61 + 600. 
36. Here, 7135 is given as 135 + (lOOGx 7). 
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Square Boot. 

The rule of work in relation to the operation of (extracting) 
the square root, which is the fourth (of the parikarman operations) 
is as follows :— 

36. From the (number represented by the figures up to the) 
last odd place (of notation, counted from the right), subtract the 
(highest possible) square number; tben multiply the root (of this 
number) by two. and divide with this (product the number 
represented by taking into position the figure belonging to) the 
(next) even place; and then the square of the quotient (so 
obtained) is to be subtracted from the (number represented by 
taking into position the figure belonging to the next) odd place. 
(If it is so continued till the end), the half of the (last) doubled 
quantity (comes to be) the resulting square root. 

Examples in illustration thereof . 

37. 0 friend, tell me quickly the roots of the squares of the 
numbers from 1 to 9, and of 256 and 576. 

38. Find out the square root of 6561 and of 65536. 

39. What are the square roots of 4294967296 and 622521 ? 

40. What are the square roots of 63664441 and 1771561 ? 

41. Tell mo, friend, after considering well, the square roots of 
1296 and 625. 


36. To illustrate the rule, the following example is worked out below : 
To extract the square root of 65536 : 

6 I 55 | 36 
2 2 «= 4 


2 x 2 ■ 


■ 4)25(5 
20 


5* 

25 x 2 <= 


65 

= 25 

60)303(0 

300 


6 * 


266 x 2 


36 
36 

512) 0 (0 
0 


Square root required 


612 


- 266. 
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42. Tdl me, 0 leading arithmetician, the square roots of 
110889, 12321,and 844661. 

Thus ends square root, the fourth of the operations known 
as Porikarman. 


Cubing. 

The rule of work in relation to tho operation of cubing, which 
is the fifth (of the parikarman operations), is as follows..:— 

43 . The product of (any) three equal quantities: or the pro¬ 
duct obtained by the multiplication of any (given) quantity by 
that (given quantity) as diminished by a chosen quantity and 
(then again! by that (given quantity) as increased by the (same) 
chosen 'quantity, when combined with the square of the chosen 
quantity as multiplied by the least (of the above three quantities) 
and (combined) also with the cube of the chosen quantity: gives 
rise to a cubic quantity. 

44 , Or, the summing up of a series in arithmetical progression, 
of which the first term is the quantity (the cube whereof is) 
required, the common difference is twice this quantity, and the 
number of terms is (equal to) this (same given) quantity, (gives 
rise to tho cube of the given quantity). Or, the square of the 
Quantity (the cube whereof is required), when combined with 
the product (obtained by the multiplication) of this given quantity 
diminished by one by the sum of a aeries in arithmetical progres¬ 
sion in which'the first term is owe, the common difference is two and 
the number of terms is (equal to) tho given quantity, (gives rise 
to the oube of the given quantity). 


43 


_i* thia vu 1© works out thus: 

(i) 4 a«* = « 1 ' (ii) a (a +1>) (a—b) + (®—b) + b 3 = 

44 Algebraically, this rule means— 

a* - 3 = a + 3<x + 5a + 7a +.to a terras. 

(ii) + (•-!) U + 3+ 5 + 7+. *> « 
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45. In an arithmetically progressive series, wherein one is the 
first term as well as the common difference, and the number of 
terms is (equal to) the given number, multiply the preceding 
terms by the immediately following ones. The sum of the pro¬ 
ducts (so obtained), when multiplied by three and combined with 
the last term (in the above series in arithmetical progression), 
becomes the cube (of the given quantity). 

46. (In a given quantity), the squares of (the number repre¬ 
sented by the figures in) the last place as also (by those in) the other 
(remaining places) are taken; and each of these (squares) is 
multiplied by the number of the other place and also by three ; the 
sum of the two (quantities resulting thus), when combined again 
with the cubes of the numbers corresponding to all the (optional) 
plaoes, (gives rise to) the cube (of the given quantity). 

47. Or, the cube of the last figure (in the number oounfced from 
right to left is to be obtained); and thrice the square (of that last 
figure) is to be pushed on (to the right by one notational place) 
and multiplied by (the number represented by the figures 
found in) the remaining (places); then the square of this (number 
represented by the figuros found in the) remaining (places) is to be 
pushed on (as above) and multiplied by thrice the last figure 
(above-mentioned). These (three quantities) are then to be 
placed in position (and then summed up). Such is the rule (to be 
carried out) here. 

Examples in illustration thereof \ 

48. Give out the cubes of the numbers from 1 to 9 and of 15, 
25, 3d, 77 and 96. 

49. Give out the cubes of 101, 172, 516, 717 and 1344. 


45. 3 


+ a = 


^Ix2+2x3+3x4+4x6+ . . . +a-lxaj 

46. 3a a 6 + + a® + h 3 fes (a + 1) 3 . To make the rule general and applicable 

to numbers having more than two places, it \a clearly implied here that 3a % (5 + c) 
+ 3a(b + ey + a 9 + (6 + c)* «= (a + b + <r) 3 : and it i» obvious that any number may 
be represented as the sum of two other suitably chosen numbers. 

47« The pushing on of a figure hore referred to is similar to what is exhibited 
ip the note under stanza 31 in this chapter. 


3 




60. The-number 213 is cubed; mi twice, tkrieo, four times 
and five times that (number are) also (cubed ; find out the corre¬ 
sponding quantities). 

. 

51. It is seen that 163 multiplied by all the numbers from 
1 to 8 is related (as base) to the required cubes. Give out those 
cubes quickly. 

52. 0 you, who have seen the other shore of the deep and 
excellent ocean of the practice of (arithmetical) operations, write 
down the figures 4, 0, 6, 0.5, and 9 in -order (from right to left), 
and work out the cube of the number (represented bv those 
figures), and mention the lesult at once. 


Thus ends cubing, the fifth of the operations known as 
Partkarman 


Cube Root, 

The rule of work in relation to the operation of extract¬ 
ing the cube root, which is tho sixth (among the parikarman 
operations), is as follows:— 

53. From (the number represen ted by the figures up to) the 
last, ghana place, subtract the (highest possible) cube ; then divide 
the (number represented by the next) bhajya place (after it is 
taken into position) by three times the square of the root (of that 
cube); then subtract from the (number represented by the next) 
'Jdhya place (after it is taken into position) tho square of the 
(above) quotient as multiplied by three and by the already mem 
tioned (root of the highest possible cube); and then (subtract) from 


53 and 54. The figures in any given number, the cube-root whereof is required, 
are conceived in these rules to be divided into groups, each of which consists as 
far as possible of three figures, named, in tho order from right to left, as ghana 
or that which Is cubic, that is, from which the cube is to be subtracted, «» iodhya 
or f.hafc which is to be subtracted from, and as bhdjya or that which is to be 
divided, fhe bhdjya and iodhya are also known as aghana or non-oubio. The 
fast group on the left need not always consist of all those three figures j it may 
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the (number represented by the figure in the next) (jh.ana place 
(after it is taken into position) the cube (of this same quotient). 

54. One (figure in the various groups of three figures) is cubic : 
two are non-cubie. Divide (the non-cubic figure) by three times 
the square of the cube root. From the (next) non-cubie (figure) 
subtract the square of the quotient (obtained as above and) multi¬ 
plied by three timos tho previously mentioned (cube-root of the 
highest cube that can be subtracted from the previous cubic 
figure) and (then subtract) the cube of tho (above; quotient (from 
the next cubic figure as taken into position). With the help of 
the oube-root-iigures (so) obtained (and taken info position, the 
procedure is) as before. 

Example* in illustration thereof, 

55. What is the cube root of the numbers beginning with 1 
and ending with 9, all cubed; and of 4913; and of 180086?? 

50. Extract the cube root of 13821, 301)2608? and 618470208, 


consist of one or two or three figures, as the case may he. The rule mentioned 
wilt he clear from the following worked out example. 

To extract the cube root of 77308770 :— 

h. gh, bh* 8. *jh, s, (fh . 

7 7 | 3 0 8 1 7 7 6 


ffh, ... 

... 4 s - 6 4 

fh. ... 

... 4r x 3 » 48)133(2 

00 


370 

, . 2® x 3 x 4 «=* 48 

gh. ... 

3228 

... 2 a 8 

bh. ... 

... 42- x 8- 5292)32207(0 
31752 

jfc 

4557 

... 6 2 x 3 x 42 ~ 4636 

ifh. ... 

216 

... 0 3 - 216 


Cube root « 426. 

The rule does not state what figures constitute the cube too t; but it ia meant 
that the cube root is the number made up of the figures which are cubed in this 
operation, written down in the order from above from left to right 
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57. Give the cube roots of 27008722534.4 and 76332040488, 

58. Give the cube roots of 77308776 and also of 260917110. 

59. Give the cube roots of 2427715584 and of 1626379776. 

60. 0 arithmetician, who are clever in calculation, ■ give out 
after examination the root of 859011369945948864, which is a 
cubic quantity. 

Thus ends cube root, the sixth of the operations known as 
Parikarman 


Summation. 

‘ft.-;:; 

The rule of work in relation to the operation of summation of 
series, which is the seventh (among the parikctrman operations), 
is as follows :— 

61. The number of terras in the series is (first) diminished by 
one and (is thon) halved and multiplied by the common difference ; 
this when combined with the first term in the series and (then) 
multiplied by the number of terms (therein) becomes the sura of 
all (the terms in the series in aritbmetical progression). 

The rule for obtaining the sum of the series in another 
manner 

62. The number of terms (in the series) as diminished by one 
and (then) multiplied by the common difference is combined with 
twice the first term in the series; and when this (combined sum) is 
multiplied by the number of terms (in the series) and is (then) 
divided by two^ it becomes the sum of the series in all cases. 

Cl. This rule comes out thus when expressed algebraically : — 

+ = S, where a is the first term, b the common difference, n 

the number of terms, and S the feum of the whole series. 

< (n — 1) b+ 2 a | n 

62. Similarly, —.-*=~ 
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The rule for finding out the ddit/huna, the it llaradhana and 
the sarvailhana :— 

63. The adidhana is the first term multiplied by the number 
of terms (in the series). The uttaradham is (the product of) the 
number of terms multiplied by the common difference (and again) 
multiplied by the half of the number of terms less bv one. The 
sum of these two (gives) the saroadhana, i.e., the sum of all the 
terms in the series; and (this sum. will be the same as that of a 


series which is) characterised by a negative common difference, 


when (the order of the terms in the series is reversed so that) the 
last term is made to he the first term. 

The rule for* finding the antyadhana, the madhyadhana and 
the mrcadhana :— 

61 The number of terms (in the series) lessened by one 
and multiplied by the common difference and (then) combined 
with the first, term (gives) the antyadhana. Half of the sum of 

03-64. In these rales, each of the terms in an arithmetically progressive 
seiies is supposed to be obtained by adding to the first term thereof a multiple of 
the common difference, the nature of this multiple being determined by the 
position which any specified term bolds in the series. According to this 
conception wc have to find in every term of the scries the first term along with a 
multiple of the common difference. The sum of all such first terms so found is 
what is here called the adidhana ; the earn of all such multiples of the common 
difference constitutes the uttaradhana ; and the garvadhana whioh is obtained by 
adding these two sums is of course the sum of the whole series. The expression 
antyadhana denotes the value of the last term in an arithmetically progressive 
sorios. And madhyadhana means the value of the middle term which value, 
however, coiTOspomls to the arithmetical mean of the first and the last torms in 
the series, so that, when there are 3« + 1 terms in the series, the value of the 
{n + l)th' term ia the nmdhyadhmta, but when there are in terms in the series 
the arithmetical mean of tl.o value of the nth term and of that of the (n + l)tli 
term becomes the madhyadhmia. Accordingly we have 


fl’l Adidhana == « x a. 
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this (mtyadhma) and the first torn (gives) the madhyadkam. 
The product of this (madhyadham) and the number of terms (in 
the series gives) the desired sum of all the terms therein. 

Examples in illudration thereof. 

65. (Each of) ten merchants gives away money (in an arith¬ 
metically progressive series) as a religious offering, the first terms 
of the (ten) series being from 1 to 10, the common difference (io 
each of these scries) being of the same value (as the first terms 
thereof), and the number of ierms being 10 (in every one of the 
series). Calculate the sums of those (series). 

66. A certain excellent trdmha gave gems in offering to 5 
, temples (one after another) commencing (the offering) with 2 

(gems), and then increasing (it successively) by 3 (gems). 0 you 
who hnow how to calculate, mention what their (total; number is. 

67. The first term is 3; the common difference is 8; and the 
number of terms is 12. All these three (quantities) are (gradu¬ 
ally) increased by 1, until (there are) 7 (series). 0 arithmetician, 
give out the sums of all (those series). 

68. 0 you who possess enough strength of arms to cross the 
ocean of arithmetic, give out the total value of the offerings made 
in relation to 1000 cities, commencing (the offering) with 4 and 
increasing it successively by 8. 

The rule for finding out the number of terms (in a series in 
arithmetical progression):— 

69. When, to- the square root of the quantity obtained by the 
addition of the square of the difference between twice the first 


It ift quite obvious that an arithmetically progressive series having a negative 
common difference becomes changed into one with a positive common difference 
when the order of the terms h reversed throughout so as to make the last of 
them become the first. 

66. A Mvaka is a lay follower of the Jaina religion, who merely hears, i.e., 
listens to and learns the dharman or duties, as opposed to the ascetics who are 
entitled to teach those religious duties. 

69. Algebraically this rule works out thus 
/y/( 2<r~ bf + H bS + b 
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term and the common difference to 8 times the common differ¬ 
ence multiplied by the sum of the series, the common difference 
is added, and the resulting quantity is halved ; and when (agaiu) 
this is diminished by the first term and then divided by the 
common difference, we get the number of terms in the series. 

The rale for finding out the number of terms (stated) in 
another manner:— 

70. When, from tho square root of (the quantity obtained by) 
the addition ef the square of the difference between twice the 
first term and the common difference to 8 times the common 
difference multiplied by the sum of the scries, the ks&papada is 
subtracted, and (the resulting quantity) is halved; and (when again 
this is) divided by the common difference, (we get) the number 
of terms in the series. 

Examples in illustration thereof . 

71. The first term is 2, the common difference 8 ; these two 
are increased successively by 1 till three (series are so mado up). 
The sums of the three series are 90, 276 and 1110, in order. What 
is the number of terms in each series? 

72. The first term is 5, the common difference 8, and the sum 
of tho series 333. What h the number of terms ? 

The 11 rst’term (of another series) is 6, the common difference 
8, and the sum 420. What is the number of terms ? 

The rule for finding out the common difference as well as the 
first term 

73. The sum (of the series) diminished by the fididhana, and 
(then) divided by half (the quantity represented by) tho square 


70. K??f>af*da is half of the difference between twice the first term and tho 


common difference, i.e., 


l 


It is obvious that this stanza varies the rule 


mentioned in the previous atanza only to the extent necessitated by the intro¬ 
duction of this ksfyapada therein. 

73. For adidhana and uttaradhana r see note under stanzas 03 and 04 in this 
chapter. Sy mbolioalfy expressed this stanza works out. thus : — 

n (* - 1) 


S- 
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of the number of terms as lessened by the number of terms, (gives) 
the common difference. The sum of the scries) diminished by 
uttamdham and (then) divided by the number of terms, (gives) 
the first term* of the scries. 

The rule for finding out the first term as well as the common 
difference :■—* 

74. The sum of the series divided by the number of terms 
(therein), when diminished by the product of the common difference 
multiplied by the half of the number of terms less by one y gives 
the first term of the series. The common difference is (obtained, 
when) the sum, divided by the number of terms and then dimi¬ 
nished by the first term, is divided by the half of the number of 
, terms less by one. 

Two rules for finding out, in another wa 3 r , the common differ¬ 
ence and the first term 

75. T) nderstand that the common difference is (obtained, when) 
the sum of the series, multiplied by two and divided by the 
number of terms (therein), is diminished by twice the first term, 
and is (then) divided by the number of terms lessened by ofie, 

76. Twice the sum of the series divided by the number of 
terms therein, and (then) diminished by the number of terms as 
lessened by one and multiplied by the common difference, when 
divided by tm 9 (gives) the first term of the series. 

Examples in illustration ihereof. 

77. The first term is 9; the number of terms is 7 ; and the sum 
of the series is 105. Of what value is the common difference ? 



75, Symbolically, b .*** 



ye. Algebraically, a 

HHBh■ 
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The coifrraon difference (in respect of another series) is 5, the 
number of terms is 8, and the sum is 156. Tell me the first term. 

The rule for finding out how (when the sum is given) the 
first term, the common difference, and the number of terms may, 
as desired, be arrived at:— 

78. When the sum is divided by any chosen number, the 
divisor becomes the number of terras (in the series); when the 
quotient here is diminished by anj number chosen (again), this 
subtracted number becomes the first term (in the series); and 
the remainder (got after this subtraction) when divided by the 
half of the number of terms lessened by one becomes the common 
difference. 

Example in illustration thereof . 

79. The sum given in this problem is 540. 0 crest-jewel of 

arithmeticians, tell me the number of terms, the common differ¬ 
ence, and the first term. 

Three rule-giving stanzas for splitting up (into the component 
elements) suoh a sum of a series (in arithmetical progression) as is 
oombined with the first term, or with the common difference, or 
with the number of terms, or with all these. 

80. 0 crest-jewel of calculators, understand that the mUradhana 
diminished by the uttaradbana , and (then) divided by the number 
of terms to which one has been added, gives rise to the first 
term. 

81. The mi&radhana, diminished by the ddidhana , and (then) 
divided by the (quantity obtained by the) addition of one to the 
(product of the) number of terms multiplied by the half of the 
number of terms lessened by one , (gives rise to) the common 


78. Symbolically, the problem herein is to find out 6, when 8 is given, and a 
and n are allowed to be chosen at option. Naturally , there may be in relation to 
any given value of S » any values of b , which depend upon the chosen values of a 
and n. When the values of a and n are definitely ohosen, the rule herein given 
for finding out b turns out to bo the same as that given in stanaa 74 above. 

80-82. The expression rni&radhava means a mixed sum. It is used here to 
denote the quantity which may be obtained by adding the first term or the 
common difference or the number of terms or all three of these to the sum of a 

i 
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deepen,ce, (In splitting tip the ^timber qf terms, from the 
d/iam ), the (required) number, of terms (is obtained) in accordance 
with, the rule for obtaining the number of terms, provided that 
the first term is taken to be increased by one (so as to cause a 
corresponding increase in all the terms). 

82. The mUradkam is diminished by the first term and the 
number of terms, both (of these) being optionally ohosen; (then) 
that quantity, which is obtained (from this difference) by applying 
the rule for (splitting up) the iittara-misradhamy happens to 
be the common difference (required here). * This is the method of 
work in (splitting up) the all-combined (misradhana). 

Examples in illustration thereof. 

83. Forty exceeded by 2, 3, 5 and 10, represents (in order) 
the adi-mifrradhana and the other (nmradhanas). Tell me what 
(respectively) happens in these cases to be the first term, the 
common difference, the number of terms and all (these three). 


series in arithmetical progression. There ere accordingly four different kinds of 
miiradhava mentioned here; and they are respectively adi-mifradhana, wtiara * 
miiroAhana, gaccho+miradhana and sarva-miiradhana. For ddidhana and utturcu 
dhana see note under stanzas 63 and 64 in this chapter. 

Q n ^ ~ U 

ba *" 2 ^ 

Algebraically, stanza 80 works out thus : a *=--> where 

8 « is the ddi-misradhana , i.c,, 8 + a. 

And stanza 81 gives b 


where 8b is the uttara-miiradhana, 
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The role for finding out, from the known sum, first term, and 
common difference (of a given series in arithmetical progression), 
the first term and the common difference (of another series), the 
optionally chosen sum (whereof) is twice, three times, half, one- 
third, or some such (multiple or fraction of the kno wn sum of the 
given series):— 

84, Put down in two places (for facility of working) the 
chosen sum as divided by the known (i.e. 9 the given) sum; this 
(quotient) when multiplied by the (known) common difference 
gives the (required) common difference ; and that (same) quotient 
when multiplied by the (known) first term gives the (required) 
first term of (the series of which) the sum is eithor a multiple or 
a, fraction (of the known sum of the given series). 

Examples in illustration thereof . 

85, Sixty is the (known) first term, and the (known) common 
difference is twice that, and the number of terms is the same, ie., 
4 (in the given series as well as in all the required series). Give 
out the first terms and the common differences of these required 
(series, the sums whereof are) represented by that (known sum) 
as multiplied or divided by the (numbers) beginning with 2. 

The rule for finding out, in relation to two (series), the number 
of terms wherein are optionally chosen, their mutually inter¬ 
changed first term and common difference, as also their sums which 
may be equal, or (one of which may be) twice, thrice, half, or one- 
third, or any such (multiple or fraction of the other) :— 

86, The nfffhbhr of terms (in one series), multiplied by itself 
as lessened, by one, and then multiplied by the chosen (ratio 
between the sums of the two sdries), arid then’ dikbinishdd by 

84. Symbolically, aj sst a, ~ 6, where $i, and. 6, are the sum, the 

first term and the qommou difference, in order, of the series whose sum is choaqn. 
Given the sums of two series, the ratio between the two first terms and that 

Si 

between the two common differences need not always be ^r. The solution here 
given is hence applicable only to certain particular cases. 

86. Algebraically, a = n (» - 1) x p - 2n u and b == (#*)* — n ~ 2 pn, 
where a, b and n are the first term, the common difference and the number of 
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twice the number of terms in the other series (gives rise to the 
interchangeable) first term of one (of the Beries). The square of 
the (number of terms in the) other (series), diminished by that 
(number of terms) itself, and (then) diminished (again) by the 
product of two (times the) chosen (ratio) and the number of terms 
(in the first series gives rise to the interchangeable) common 
difference (of that series): 

Examples in illustration thereof . 

87. In relation to two men, (whose wealth is measured 
respectively by the sums of two series in arithmetical progression) 
having 5 and 8 for the number of terms, the first term and the 
common difference of both these series being interchangeable 
(in relation to each other); the sums (of the series) being equal 
or the sum (of one of them) being twice, thrice, or any such 
(multiple of that of the other)—0 arithmetician give out (the 
value of these) sums and the interchangeable first term and 
common difference after calculating (them all) well. 

88. In relation to two series (in arithmetical progression), 
having 12 and 16 for their number of terms, the first term and 
the common difference are interchangeable. The sums (of the 
series) are equal, or the sum (of one of them) is twice or any such 
multiple, or half or any such fraction (of that of the other). 
You, who are versed in the soienoe of calculation, give out (the 
value of these sums and the interchangeable first term and common 
difference). 

* 

The rule for finding out the first terms in relation to such 
(series in arithmetical progression) as are characterised by varying 
common differences, equal numbers of terms and equal sums:— 

89. Of that (series) which has the largest common difference, 
one is (taken to be) the first term. The difference between this 


terms in the first series, n x the number of terms in the second series, and p the 
ratio between the two stuns: a and b being thus found out, the first term and tn© 
common difference of the second series are l and a respectively in value. 

89. The solution herein given is only a particular case of the general rule 
ai sa — b) + a, where a and a x are the first terms of two series, and 
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largest common difference and (any other) remaining common 
difference is multiplied by the half of the number of terms 
lessened by one ; and when this (product) is combined with one, 
(we get,) 0 friend, the first terms of (the various series having) 
the remaining (smaller) common differences. 

Examples in illustration thereof \ 

90. Give out quickly, 0 friend, the first terms of (all the series 
found in two sets of) such (series) as have equal sums (in relation 
to each set) and are characterised by 9 as the number of terms in 
each (series), when those (series belonging to the first and second 
sets) have (respectively) common differences beginning with I 
and ending with 6 (in one case) and have 1, 8, 5 and 7 as the 
common differences (in the other case). 

The rule for finding out the common difference in relation to 
such (series in arithmetical progression) m are characterised by 
varying first terms, equal numbers of terms and equal sums 

91. Of that (series) which has the largest first term, one ia 
taken to be the common difference. The difference between this 
largest first term and (eaoh of the) remaining (smaller) first terms 
is divided by the half of the number of terms lessened by one 
and when this (quotient in each case) is combined with erne* 
(we get) the common differences of (the various series having) the 
remaining (smaller) first terms, 

An example in illustration thereof . 

92. 0 arithmetician, who have seem the other shore of calcula¬ 
tion, give out the common differences of (all) those (series) which 
are characterised by equal sums and have 1, 3, 5, 7, 9 and 11 for 
their first terms and 5 for the number of terms in each. 


b and bj their corresponding common differences. It is obvious that in this 
formula, when £>, b x and n are given, a x is determined by choosing any value 
for a; and one is chosen as the value of a in the rule here. 

91. The general formula in this case is— 

5 j sssr °L -+ t, wherein also the value of b is taken to be one in the rule 
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The rale for finding out the gunadhana and the sum of a 

series in geometrical progression:— ,\ 

93. The first term (of a series in geometrical progression), 
•when multiplied by that self-multiplied product Of the common 
ratio in which (product the frequency of the occurrence of the 
common ratio is) measured by the number of terms (in the 
series), gives rise to tho gunadhana. And it has to be understood 
that this gunadhana, when diminished by the first term, and 
(then) divided by the common ratio lessened by one, becomes the 
sum of the series in geometrical progression. 

Another rule also for finding out the sum of a series in geo¬ 
metrical progression:— 

94. The number of terms in the series is caused to he marked 
(in a separate column) by zero and by owe (respectively) corre¬ 
sponding to the even (value) which is halved and to the uneven 
(value from which one is subtracted till by continuing these 
processes zero is ultimately reached) ; then this (representative 
series made up of zero and one is used in order from the last one 
therein, so that this me multiplied by tho oonimon ratio is again) 
multiplied by the common ratio (wherever one happens to be the 
denoting item), and multiplied so as to obtain the sqhare (where* 
ever s«ro happens to be the denoting item). When (the result 

93 . The gunadhana of a series of n terms in geometrical progression corre¬ 
sponds in value to the (n + l)th term thereof, when the series is continued. 

The value of this gunadhana algebraically stated iarxrxr .up to n such 

factors * i.e., Compare this with the uttpradJuma. 

'this role for finding oat the sum"may be algebraically expressed thus 

a 3 ss **** a , where a is the first terin, r the common ratio. 
f-~ i 

and n tho number of terms. 

This rule differs from the previous one in so far as it gives a new 
method for finding out m by using the processes of squaring and ordinary 
multiplication ; and this method will become clear from the following example: — 
Let n in r n be equal to 12. 

12 is even; it has therefore to bo divided by 2 , and to be denoted by 0 : 


¥ = 6 

» 

»> 

>» »> i> 

„ 0: 

f 3 = 3 is odd; 1 is 


ti 

subtracted from it, and it is „ 

„ 1; 

8 — 1=2 is even 5 it has 

» 


divided by 2, and to be „ 

„ 0: 

-f sss 1 is odd } 1 is 

» 

» 

subtracted from it, and it is „ 

„ l 

1 —1=0, which concludes this part of the operation. 
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of) this (operation) is diminished by one, and,(ia then) multiplied 
by the first term, and (is then) divided by the cotumor ratio 
lessened by one, it becomes the sum (of the series). 

The rule for finding out the last term in a geometrically pro¬ 
gressive series as also the sum of that (series):— 

95, The antyaothana or the last term of a series in geometrical 
progression is the gunadhana (of another series) wherein the 
number of terms is less by one . This ( antyaothana ), when multi¬ 
plied by the common ratio, and (then) diminished by the first 
term, and (then) divided by the common ratio lessened by one > 
gives rise to the sum (of the series). 

An example in illustration thereof 

96. Having (first) obtained 2 golden coins (in some city), a 
man goes on from city to city, earning (everywhere) three times 
(of what he earned immediately before). Say how much he will 
make in the eighth city. 


Now, in fche representative column of figures so derived and given in the 
margin— 

0 the lowest 1 is multiplied by r > whioh gives r : since this lowest .1 has 0 

0 above it, the r obtained as before is squared, which gives : since this 0 

1 has 1 above it, the r K now obtained is multiplied by r, whioh gives r*; 

0 since this 1 has 0 above it, this r 8 is squared, whioh gives r # : and since 

1 again this 0 has another 0 above it, this r 6 is squared, which gives r 12 . 

Thus the value of r may be arrived at by using as few times as possible the 
processes of squaring and simple multiplication. The object of the method is 
to facilitate the determination of the value of r n ; and it is easily seen that the 
method holds true for all positive and integral values of w. 

95, Expressed algebraically, 8 = *Z. Z . a . . The antyadhana is the 

r — 1 

value of the last term in a series in geometrical progression; for the 
meaning and value of guyadhana, see stanza 93 above in this chapter. The 
antyadhana of a geometrically progressive series of n terms is ar«-l, while the 
gunadhana of the same seriee is ar». Similarly the antyadhana of a geometrically 
progressi ve. series of n — 1 terms is ar n ~2, while the gunadhana thereof is ar*—l. 
Here it is evident that the antyadhana of the series of n terms is the same as 
the gunadhana of the series of n — X terms. 
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The rule for finding out the first term and the common ratio 
in relation to a (given) gunadhana 

97. The gunadhana when divided by the first term becomes 
equal to the (self -multiplied) product of a certain quantity in which 
(product) that (quantity) occurs as often as the number of terms 
(in the series); and this (quantity) is the (required) common 
ratio. The gunadhana , when divided by that (self -multiplied) 
product of the common ratio in which (product the frequency 
of the occurrence of this common ratio) is measured by the 

number of terms (in the series), gives rise to the first term. 

* 

The rule for finding out in relation to a given gunadhana the 
number of terms (in the corresponding geometrically progressive 
series):— 

98. Divide the gwruxdhima (of the series) by the first term 
(thereof). Then divide this (quotient) by the common ratio 
(time after time) so that there is nothing left (to carry out suoh a 
division any further); whatever happens (here) to be the 
number of vertical strokes, (each representing a single such divi¬ 
sion), so much is (the value of) the number of terms in relation 
to the (given) gunadhana. 

Examples in illustration thereof . 

99. A oertain man (in going from city to city) earned money 
(in a geometrically progressive series) having 5 dlndras for the 
first term (thereof) and 2 for the common ratio. He (thus) 
entered 8 cities. How many are the dmaras (in) his (possession) ? 

100. What is (the value of) tho wealth owned by a merohant 
(when it is measured by the sum of a geometrically progressive 
series), the first term whereof is 7, the common ratio 3, and tho 
number of terms (wherein) is 9 : and again (when it is measured 
by the sum of another geometrically progressive series), the first 

97 and 98. It is clear that am, when divided by a gives m ; and this is divis- 
ible by r as many times as », which is accordingly the measure of the number 

of terms in the series. Similarly r x r x r . up to » times gives r» ; and 

the iu.nadh.ana i.e., am divided by this m gives c, which is the required first term 

of the series* 
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term, the eomraoa ratio and the number of terms thereof being 
3., 5 and 15 (respectively) P 

The rule for finding out the common ratio and the first 
terra in relation to the (given) snm of a series in geometrical 
progression :— 

101. That (quantity) by which the sum of the aeries divided 
by the first term and (then) lessened by one is divisible throughout 
(when this process of division after the subtraction of one is 
carried on in relation to all the successive quotients) time after 
time—(that quantity) is the common ratio. The sum, multiplied 
by the common ratio lessened by one , and (then) divided by that 
self-multiplied product of the common ratio in which (product) 
that (common ratio) occurs as frequently as the number of terms 
(in the aeries), after this (same self-multiplied product of the. 
common ratio) is diminished by one, gives rise to the first term. 

Examples in illustration thereof, 

102. When the first term is 3, the number of terms is 6, and 
the sum is 4095 (in relation to a series in geometrical progres¬ 
sion), what is the value of the common ratio P The common 
ratio is 6, the number of terms is 5, and the sum is 3110 (in 
relation to another series in geometrical progression). What is 
the first term here ? 


101. The first- part of the rale will become clear from the following 
example 

The sum of the series is 4095, the first term 3, and the number of terms 6 . 
Here, dividing 4095 by 3 we get 1366. Now, 1365 - 1 = 1364. Choosing 

i 004 340 

by trial 4, we have = 341 j 341 — 1 == 340 j --j-— = 85 ; 86 - 1 a: 81 ; 


8* 


= 21 j 21 - 1 =* 20 j 


20 


:5, 5 - l«4i- 


1. Hence 4 is the oommon 


ratio. The principle on which this method is based will be clear from the 
following 


a — 1 ) , 
r—1 " 4 


fU p ffl — 1 ,71 — f* 

: r— and - 7 - - 1 = - 7 whioh is obviously divisible 

f* 1 * f—1 f X 


by r. 


The second part expressed algebraically is a - 


a(r n - 1) r — 1 


r — 1 


5 











The rule for finding out the number of terms in a geome¬ 
trically progressi ve Beries:— 

103. Multiply the sum (of the given series in geometrical 
progression) by the common ratio lessened by ovie ; (then) divide 
this (product) by the first term and (then) add one to this 
(quotient). The number of times that this (resulting quantity) is 
(successively) divisible by the common i*atio—that gives the 
measure of the number of terms (in the series). 

Examples in illustration thereof . 

104. O my excellently able mathematical friend, tell me of 
what value the number of terms is in relation to (a series, whereof) 
the first term is 3, the common ratio is 6, and the sum is 777. 

105. What is the value of the number of terms in those 
(series) which (respectively) have 5 for the first term, 2 for the 
common ratio, 1275 for the sum : 7 for the first term, 3 for the 
common ratio, 68887 for the sum : and 3 for the first term, 5 for 
the common ratio and 22888183593 for the sum ? 

Thus ends summation, the seventh of the operations known as 
Parikarman . 


Vyutkalita. 

The rule of work in relation to-the operation of Vyutkalita* 
which is the eighth (of the Parikarman operations), is as follows :— 

106. (Take) the chosen-off number of terms as combined with 
tht 3 total number of terms (in the series), and (take) also your 
own chosen-off number of terms (simply) ; diminish (each of) 


* In a given series, any portion chosen off from the beginning is catted it fa 
or thd chosen-off part ; and the rest of the series is called and it oontains 
the remaining terms and forms the remainder-series. It is the sum of those * ** 
terms which is called vyutkaiita. 

100. Algebraically, vyuttalita or Sv j ” —t>~-~ h+ a ^ (n — d), and the 

sum of the ista or Si =» , 6 + »/^ d; where d is the number of terms in 

the ohoson-off part of the series. 
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these (quantities) by one and (then) halve it and multiply it by 
the common difference; and (then) add the first term to (each of) 
these (resulting products). And these (resulting quantities), 
when multiplied by the remaining number of terms and the 
chosen-off number of terms (respectively), give rise to the sum of 
the remainder-series and to the sum of the chosen-off part of 
the series (in order). 

The rule for obtaining in another manner the sum of the 
remainder-series and also the sum of the chosen-off part of the 
given series:— 

107. (Take) the chosen-off number of terms as combined with 
the total number of terms (in the series), and (take) also the 
chosen-off number of terms (simply); diminish (each of) these by 
one, and (then) multiply by the common difference, and (then) 
add to (each of) these (resulting products) twice the first term. 
These (resulting quantities), when multiplied by the half of the 
remaining number of terms and by the half of the chosen-off number 
of terms (respectively), give rise to the sum of the remainder-series 
and to the sum of the chosen-off part of the series (in order). 

The rule for finding out the sum of the remainder-series in 
respect of an arithmetically progressive as well as a geometrically 
progressive series, as also for finding out the remaining number 
of terms (belonging to the remainder-series):— 

108. The sum (of the given series) diminished by the sura of 
the chosen-off paid (of the series) gives rise to the sum of the 
remainder-series in respect of the arithmetically progressive as 
well as the geometrically progressive series; and when the 
difference between the total number of terms and the chosen-off 
number of terms (in the series) is obtained, it becomes the remain¬ 
ing number of terms belonging to that (remainder-series). 


«=[(* + d- 1) b + 2«j^ > » n dS < = £(rf-I)i> + 2a] 


107. Again, S* 
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The rule for finding out the first term in relation to the 
remaining number of terms (belonging to the remainder-series) :— 

109. The chosen-off number of terms multiplied by the common 
difference and (then) combined with the first term (of the given 
series) gives rise to the first term in relation to the remaining 
terms (belonging to the remainder-series) The already mentioned 
common difference is the common difference in relation to these 
(remaining terms also) ; and in relation to the chosen-off number 
of terms (also both tho first term and the common difference) are 
exactly those (which are found in the given series). 

The rule for finding out the first term in relation to the 
remaining number of terms belonging to the remainder-series in 
a geometrically progressive series : — 

110. Even in respect of a geometrically progressive series, the 
common ratio and the first term are exactly alike (in the given 
#eiies and in the chosen-off part thereof). There is (however) this 
difference here in respect of (the first term in relation to) the 
remaining number of terms (in the remainder-series), viz,, that 
the first term of the fgiven) series multiplied by that self-multi¬ 
plied product of the common ratio, in which (product) the 
frequency of the occurrence of the common ratio is measured by 
the chosen-off number of terms, gives rise to the first term (of the 
remainder-series). 

Examples in illustration thereof, 

111. Calculate what the sums of the remainder-series are in 
respect of a series in arithmetical progression, the first term of 
which is 2, the common difference is 3, and the number of terms 
is 14, when the chosen-off numbers of the terms are 7, 8,9, 6 and 5 
(respectively). 

112. (In connection with a series in arithmetical progression) 
here (given), the first term is 6, the common difference is 8, the 
number of terms is 36, and the chosen-off numbers of terms are 10, 

-----—-_X~------- 

109. The first; term of the remainder series = <26 -f a. The aeries dealt with 
in this rule ia obviously in arithmetical progression. 

1,10. The first term of the remainder series is ar <*. 




12 and 16 (respectively). In connection with another (similar 
scries), the first term and th6 other things are 6, 5, ^00 and 
100 (in order). Say what the sums are of the (corresponding) 
remai nder-seri e«. 

113. The number of terms (in a series in arithmetical pro¬ 
gression) is 216; the common difference is 8; the fii st term is 
14 ; 37 is the chosen-off number of terms (to be removed). Find 
the sums both of the remainder-series and of the chosen-off part 
(of the given series). 

114. The first term (in a given series in arithmetical progres¬ 
sion) is, in this (problem), 64; the common difference is minus 4; 
the number of terms is 16. What are the sums of the remainder- 
series when the ohosen-off numbers of terms are 7, 9,11 and 12? 

Examples on vyutkalita in respect of a geometiicdlly 
'progressive series. 

115. Where (in the process of reckoning of the fruits on trees 
in serial bunches), 4 happens to be the first term, 2 the common 
ratio, and 16 the number of terms, while the chosen-off number 
of . terms (removed) are 19, 9, 8, 7, 6, 5 and 4 (respectively)— 
there, say, 0 you who know arithmetic and have penetrated 
into the interior of the forest of practical mathematical operations, 
(tho interior) wherein wild elephants sport—(there say) what the 
total of the remaining fruits is on the tops of the various good 
trees (dealt with therein). 

Thus ends vyutkalita , the eighth of the operations known as 
Parikarman . 

Thus ends the first subject of treatment known as 
JPuHkarman in Sarasangraha, which is a work on 
arithmetic by Mahaviracarya, 


115. In this problem, there are given 7 different fruit trees, each of which 
has 16 bunches of fruits. The lowest bunch on each tree has 4 frnits; tho fruits 
in the higher bunches are geometrically progressive in number, the common 
ratio being 2; and 10, 9, 8, 7, 0, 5 and 4 represent tho numbers of the bunches 
removed from below in order from, the 7 trees. We have to find out ,r tho total 
of the remaining fruits on the tops of the various good trees *\ Mattebhavu 
as it occurs in this stanaa, is the name of the mstre iu which it is 
composed, at the same timt that it means the sporting of wild elephants. 
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CHAPTER III 

FRACTIONS. 

The Second Subject of Treatment* 

1. Unto that excellent Lord of the Jinas, by whom the tree 
of barman has been completely uprooted, and whose lotus-like feet 
are enveloped in the halo of splendour proceeding from the tops of 
the crowns belonging to the chief sovereigns in all the three worlds 
—(unto that Lord of the Jinas\ I bow in devotion. 

Hereafter, we shall expound the second subject of treatment 
known as KaUsavarna * (i,e. 9 fractions). 

Multiplication of Fractions. 

The rule of work here, in relation to the multiplies lion of 
fractions, is as follows :— 

2. In the multiplication of fractions, the numerators are to 
be multiplied by the numerators and the denominators by the 
denominators, after carrying out the process of cross-reduction, if 
that be possible in relation to them. 

Examples in illustration thereof . 

3. Tell me, friend, what a person will get for f of a pala of 
dried ginger, if ho gets j of a paw for 1 pala of such ginger. 

4. Where the price of 1 pala of pepper is & of a pana, there, 
say, what the price will be of £ of a pala. 

5. A person gets £ of a pah, of long pepper for 1 pana. 0 
arithmetician, mention, after multiplying, what (he gets) for 
J- panas. 

6. Where a merchant buys x \ of a pala of cumin seeds for 1 
pana, there, 0 you who possess complete knowledge, mention what 
(he buys) for f panas. 

7. The numerators of the given fractions begin with 2 and go 
on increasing gradually by 2; again their denominators begin 

# KaUsavarna literally meaus parts resembling iY> since knla denotes the 
sixteenth part. Hence the term Kaldsavanm has come to signify fractions in 
'general.. 

2. When f x \ is reduced as \ x 4, the process of cross-rednotion is applied. 

7. The fractions herein mentioned ate: §, &c. 
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with 3 and go on increasing by 2; those (numerators and 
denominators) are, in both (the oases), 10 in number. Mention, 
of what value the products here will be, when those (fractions) 
are multiplied, they being taken two by two. 

Thus ends multiplication of fractions. 


Division of Fractions, 

The rule of work, in relation to the division of fractions, is as 
follows:— 

8. After making the denominator of the divisor its numerator 
(and vice versa), the operation to be conducted then is as in the 
multiplication (of fractions). Or, when (the fractions constituting) 
the divisor and the dividend are multiplied by the denominators 
of each other and (these two products) are (thus reduced so as to be) 
without denominators, (the operation to be conducted) is as in the 
division of whole numbers. 

Examples in illustration thereof. 

9. When the cost of half a pah of asafoetida is f of a pana, 
what does a person get if he sells 1 pala at that (same) rate ? 

10. In case a person gets ^ of a pam for f of a pala oi tei 
sandalwood, what will ho get for 1 j pala (of the same wood) ? 

11. When -f- pctlas of the perfume nakha is obtainable for f of 
a pana, what (will be obtainable) for 1 pam at that (same rate) ? 

12. The numerators (of the given fractions) begin with 3 and 
go on increasing gradually by 1, till they are 8 in number ; the 
denominators begin with 2 and are (throughout) less by one 
(than the corresponding numerators). Tell me what the result 
is when the succeeding (fractions here) are divided (in order by 
the preceding ones). 

Thus ends the division of fractions. 
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The Squaring, Square-Root, Cubing, and Cube- 
Root of Fractions. 

In connection with the squaring, the square root, the cubing, 
and the cube root of fractions, the rule of operation is as 
follows:— 

13. If, after getting the square, the square root, the cube (or) 
the cube root of the (simplified) denominator and numerator (of 
the given fraction), the (new) numerator (so obtained) is divided 
by the (similarly new) denominator, there arises the result of the 
operation of squaring or of any of the other above-mentioned 
(operations as the case ma) be) in relation to fractions. 

Examples in illustration thereof . 

14. 0 arithmetician, tell me the squares of f, §, J/, M}& 

and 

16. The numerators (of the given fractions) begin with 3 and 
(gradually) rise by 2; the denominators begin with 2 and 
(gradually) rise by ] ; the number of these (fractions) is known to 
be 12. Tell me quickly their squares, you who are foremost 
among arithmeticians. 

16. Tell me quickly, O arithmetician, the square roots of f, 

TfV> 2*5 anc * *sV 

17. 0 clever man, tell me what the square roots are of the 
squared quantities which arc found in the (examples bearing on 
the) squaring of fractions and also of 

18. The following quantities, namely, J, J, -f, $ anck-J, 
are given. Tell me their cubes separately. 

19. The numerators (of the given fractions) begin with 3, and 
(gradually) rise by 4; the denominators begin with 2 and 
(gradually) rise by 2 ; the number of such (fractional) terms is 
10. Tell me their oubes quiokly, O friend who are possessed of 
keen intelligence in calculation. 


, r 676 . • ... ... 700-3x8. 

17. Here -- - is given m the original aa - - z: 
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20. Give the oube roots of x f~ and 

21.0 friend of prominent intelligence, give the oube roots of 
the onbed quantities found in (the examples on) the cubing of 
fractions and (give also the cube root) of 

Thus end the squaring, square-root, cubing and cube-root of 
fractions. 


Summation of fractional series in progression, 

In regard to the summation of fractional series, the rule of 
work is as follows :— 

22. The optional number of terms (making up the fractional 
series in arithmetical progression) is multiplied by the common 
difference, and (then it) is combined with twice the first term and 
diminished by the common difference. And when this (resulting 
quantity) is multiplied by the half of the number of terms, it gives 
rise to the sum in relation to a fractional series (in arithmetical 
progression). 

Examples in illustration thereof. 

23. Tell me what the sum is (in relation to a series) of which 
§, l and | are the first term, the common difference and the 
number of terms (in order); as also in relation to another of 
which f, | and f (constitute these elements). 

24. The first term, the common difference and the number of 
terms are $,} and f (in order in relation to a given series in 
arithmetical progression). The numerators and denominators of 
all (these fractional quantities) are (successively) increased by 2 
and 3 (respectively) until seven (series are so made up). What 
is the sum (of each of these) ? 


22 Algebraically B = (nt> + 2a - 1) ~~ . Of. note under 62, Chap. TI 

23. Whenever the number of terms in a series is given as a fraction, as her®, 
it is evident that such a series cannot generally be formed actually number of 
terms. But the intention seems to be to skpw that the rule holds good even 
in suob cases. 
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The rule for arriving, in relation to (a aeries made up of any) 
optional number of terms, at the first term, the common difference 
and the (related) sum, which is equivalent firstly to the square 
and secondly to the cube (of the number of terras) : — 

25. Whatever is (so) chosen is the number of terms, and one is 
the first term. The number of terms diminished by the first term, 
and (then) divided by the half of the number of terms diminished 
by one, becomes the common difference. The sum (of the series) 
in relation to these is the square of the number of terms. This 
multiplied by the number of terms becomes the cube thereof. 

Examples in illustration thereof . 

26. The optional number of terms (in a given series) is (taken 
to be) -f; and the numerator as well as the denominator (of this 
fraction) is (successively) increased by one till ten (such different 
fractional terms) are obtained. In relation to these (fractions 
taken as the number of terms of corresponding arithmetically 
progressive series), give out the first term, the common difference 
and the square and the cube (values of the sums in the manner 
explained above). 

The rule for finding out the first term, the common difference 
and the number of terms, in relation to the sum (of a series in 
arithmetical progression) which (sum) happens to be the cube of 
(any) chosen quantity :— 

27. One-fourth of the chosen quantity is the first term; and 
from this first term, when it is multiplied by two, results the 


25. It i« obvious that, in the formula S = ~ (2a —1.5), the value of S 

becomes equivalent to n 2 when a == 1, and b ~In the multiplication of 

this sum by «, there is necessarily involved the multiplication of a as well as of 6 

bv n so that, when a = » and 6 = S =? n*. A little consideration will show 

J 71—1 

how the value of h as ?-' H TJt 1 makes it possible to arrive at n z as the value of S 

n —1 

whatever may be the value of a, whether fractional or integral. 

27. This rule gives only a i>artionlar case* of what may be generally applied. 

The rule as given here works out thus : ~ +. + ~ + .up to 2# terms 

4 4 4 








CHAPTER III—FRACTIONS. 


43 


common difference. The common difference multiplied by four 
is the number of terms fin the required series). The sum as 
related to these is the cube (of the chosen quantity). 


Examples in illustration thereof, 

28. The numerators begin with 2 and are successively increased 
by 1 ,* the denominators begin with 3 and are (also) successively 
increased by \ ; and both these kinds of terms (namely, the 
numerators and the denominators) aro (severally) five (in number). 
In relation to these (chosen fractional quantities), give out, 0 
friend, the cubic sum and the (corresponding) first term, common 
difference, and number of terms. 

The rule for finding out, from the known sum, first term and 
common difference (of a given series in arithmetical progression), 
the first term and the common difference (of a series), the optionally 
chosen sura (whereof) is twice, three times, half, one-third, or some 
such (multiple or fraction of the known sum of the given series):— 

29. Put down in two places (for facility of working) the 
chosen sum as divided by the known sum. This (quotient), when 
multiplied by the (known) common difference, gives the (required) 
common difference—and that (same quotient),, when multiplied 
by the (known) first term, gives the (required) first term—of (the 
series of which) the sum 1 b either a multiple or a fraction (of the 
known sum of the given series). 

Examples in illustration thereof . 

30. The first term (of a series) is f, the common difference is 
1, and the number of terms common (to the given as well as the 


JL {2xf = x 3 . The general applicability of this process can be at once made out 

4 

from the equality, .f x (pas) 3 = cr, 3 * * , so that in all auch cases the number of terms 

p2 

in the series is obtained by multiplying by p 8 the first term, which is represen table 

as Si'j and the common difference is of course taken to be twice this first terra 
P % 

in every case. 

29. See note under 84, Chap. II. 
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required series) is (taken to be) The sum of the required 
series is of the same value (-§). Find out, 0 friend, the first term 
and the common difference (of the required series). 

31. The first term is twice the common difference (which is 

taken to be 1); the number of terms is (taken to be) . The sum 
of the required series is Find out the first term and the 

common difference. 

32. The first term is 1, the common difference is -f and the 
number of terms common (to both the given as well as the required 
series) is (taken to be) The sum of the required series is ff. 
Give out the first term and the common difference (of the required 
series). 

The rule for finding out the number of terms (in a series in 
arithmetical progression :— 

33. When, to the square root of (the quantity obtained by) the 
addition, of the sqnare of the difference between the half of the 
common difference and the first term, to twice the common 
difference multiplied by the sum of the series, half the common 
difference is added, and when (this sum is) diminished by the first 
term, and (then) divided by the common difference, (we get) the 
number of terms in the series. 

He (the author) states in another way (the rule for finding out) 
the same (number of terms) :— 

34. When, from the square root of (the quantity obtained by) 
the addition, of the square of the difference between the half of 
the common difference and the first term, to twice the common 
difference multiplied by the surn of the series, the k§#papada is 
subtracted, and when (this resulting quantity is) divided by the 
common difference, (we get) the number of terms in the series. 


V 2 fc+/-‘-a) 2 + L.« 

83. Symbolically expreiced, n =—- ~~J~ -“—• C/. note under 

69, in Chap. II. 

34. For kfepapada, see not® under 70 in Chap, II. 
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Examples in illustration thereof. 

35. In relation to this (given) series, the first term is f, the 
common difference is J, and the sum given is fe ; again (in relation 
to another series), the common difference is f, the value of the first 
term is f-, and the sum is fe. In respect of these two (series), 0 
friend, give out the number of terms quickly. 

The rule for finding out the first term as well as the common 
difference :— 

86. The sum (of the series) divided by the number of terms 
(therein), when diminished by (the product of) the common 
difference multiplied by the half of the number of terms less by 
one, (gives) the first term (of the series). The oomrnon difference 
is (obtained when) the sum, divided by the number of terms and 
(then) diminished by the first term, is divided by the half of tho 
number of terms less by one. 

Examples in illustration thereof. 

37. Give out the first term and the common difference (res¬ 
pectively) in relation to (the two series characterised by) ffe as 
the sum, and having f (in one case) as the common difference 
and | as the number of terms, and (in the other case) | as the 
first term and f as the number of terms. 

The rule for finding out in relation to two (series), the number 
of terms wherein is optionally chosen, their mutually interchanged 
first term and the common difference, as also their sums whioh 
may be equal, or (one of whioh may be) twice, thrioe, half or one- 
third (of the other) :— 

38. The number of terms (in one series), multiplied by itself 
as lessened by one, and then multiplied by the chosen (ratio 
between tho sums of the two series), and then diminished by twice 
the number of terms jin the other (series, gives rise to the inter¬ 
changeable) first term (of one of the series). The square of the 


36. See note under 74, Chap. II. 
38, See note under 86, Chap, II, 
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(number of terms in the) other (series), diminished by that 
(number of terms) itself, and (then) diminished (again) by the 
product of two (times) tho ohosen (ratio) and the number of terms 
(in the first series, gives rise to the interchangeable) common 
difference (of that series). 

Examples in illustration thereof. 

39. In relation to two series, having 104 r and 94 to (respectively ) 
represent their number of terms, the first term and the common 
difference are interchangeable, the sum of one (of the series) is 
either a multiple or a fraction (of that of the other, this multiple 
or fraction being the result of the multiplication or the division as 
the case may be) by means of (the natural numbers) commencing 
with 1. O friend, give out (these) sums, the first terms and the 
common differences. 

The rule for finding out the gunadhana and the sum of a series 
in geometrical progression:— 

40. The first term (of a series in geometrical progression), when 
multiplied by that self-multiplied product of the common ratio, 
in whioh (product) the frequency of the occurrence of the common 
ratio is measured by the number of terms (in the series), gives 
rise to the gunadhana . And it has to be understood that* this 
( gunadhana ), when diminished by the first term and (then) divided 
by the common ratio lessened by one^ becomes the sum of the 
series in geometrical progression. 

The rule for finding out tho last term in a geometrically 
progressive series as well as the sum of that (series):— 

41. The antyadhana or the last term of a series in geometrical 
progression is the gunadhana of (another series) wherein the number 
of terms is less by one. This ( antyadhana ), when multiplied by the 
common ratio and (then) diminished by the first term and (then) 


40. See note under 93, Chap. II. 

41. See note under 95, Chap. II. 
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divided by the common ratio lessened by one y gives rise to the 
sum (of the series). 

An example in illustration thereof . 

42. In relation to a series in geometrical progression, the first 
term is the common ratio is ^ and the number of terms is here 5. 
Tell me quickly the sum and the last term of that (series). 

The first term, the common ratio and the number of terms, in 
relation to the gmadhana and the sum of a series in geometrical 
progression, should also be found out by means of the rules stated 
already (in the last chapter) * 

The rule for finding out the (common) first term of two series 
having the same sum, onqof them being in arithmetical progression 
and the other in geometrical progression, their optionally chosen 
number of terms being equal and the similarly chosen common 
difference and common ratio also being equal in value. 

48. One is (taken as) the first term, the number of terms and 
the common ratio as welj as the common difference (which is equal 
to it) are optionally chosen. The uttaradhana (here), divided by 
the sum of this geometrically progressive series as diminished by 
the ddidhana (thereof), and (then) multiplied by whatever is taken 
as the first term, gives rise to the (required common) first term in 
relation to the two series, (one of which is in geometrical progres¬ 
sion and the other in arithmetical progression, and both of) whioh 
are characterised by sumH of the same value. 


# For these rules, see 97, 98, 101 and 103, Chap. II. 

43. For ddidhana and uttaradhana, see note under 63 and 64, Chap. II. This 


rule, symbolically expressed, works out thus : a = --—-where b = r. 

fcjzlLi —n x 1 

r—1 

For facility of working, 1 is chosen as the provisional first term, but it is obvious 
that any quantity may be so provisionally chosen. The use of the provisional 
first term is Been in facilitating the statement of the rule by means of the 
expressions ddidhana and uttaradhana. The formula here given is obtained by 
equating the formulae giving tho sums of the geometrical and the arithmetical 
series. It is worth noting that the word caya used here to denote both the 
common difference in an arithmetical and the common ratio in a geometrical series. 
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Examples in illustration thereof . 

44. The number of terms are 5, 4 and 3 (respectively) and the 
oommon ratios as well as the (equal) common differences are f 
and (in order). What is the value of the (corresponding) first 
terms in relation to these (sets of two series, one in geometrical 
progression and the other in arithmetical progression), which are 
characterised by sums of the same value P 

Thus ends the summation of fractions in series. 


f r yuthaUta of fractions in series. 

The rule for performing the operation of vyufkalxta is as 
follows :— 

45. (Take) the chosen-off number of terms as combined with 
the total number of terms fin the series), and (take) also your 
chosen-off number of terms (separately). Multiply each of these 
quantities by the common difference and -diminish (the products) 
by the common difference ; (then) multiply by two ; and these 
(resulting quantities), when multiplied by the half of the remaining 
number of terms and by the half of the chosen-off number of 
terms (respectively), give rise t > the sum of the remainder-series 
and to the sum of the chosen-off part of the (given) series (in 
order). 

The rule for finding out the first term in relation to the 
remaining number of terms (making up the remainder-series) :— 

46. The first term (of the series), diminished by the half of the 
common difference, and combined with the chosen-off number of 
terms as multiplied by the oommon difference, as also with the half 
of the oommon difference, (gives) the first term of the remain¬ 
ing number of terms (making up the remainder-series). And the 
common difference (of the remainder-series) is the same as what is 
found in the given series. 


45. Cf. note under 106, Chap. II. 

46. Cf, note under 109, Chap. II. 
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47. Even in respect of a geometrically progressive aeries, the 
common ratio and the first term are exactly alike (in the given 
series and in the oho sen-off part thereof). 4’here is (however) this 
difference here in respect of (the first term among) the remaining 
number of terms (constituting the remainder-series), viz., that the 
first term of the (given) series multiplied by that self-multiplied 
product of the common ratio, in which (product) fhe frequency of 
occurrence of the common ratio is measured by the chosen-off number 
of terms, gives rise to the hist term (of the remainder-series). 

Examples in illustration thereof 

48. Calculate what the sum of the remainder-series is in 
relation to that (series) of which } is the common difference, ^ the 
first term, and f is (taken to be) the number of terms, when the 
chosemoff number of terms (to be removed) is (taken as) 

49. In relation to a series in arithmetical progression, the first 
term is the common difference is £, and the number of terms is 
(taken to be) f. When the chosen-off number of terms (to be 
removed) is (taken as) f, give out, 0 you who know calculation, 
the sum of the remainder-series 

50. What is the value of the sum of the remainder-series 
in relation to a series of which the first term is the common 
difference is J, and the number of terms is (taken to be) f, when 
the chosen-off number of terms is ^ ? 

51. The first term is §, the common difference is and the 

number of terms is (taken as) f, and the ehosen-off number of terms 
is taken to be -J, } or ) . 0 you, who, being the abode of 'katas *, 

are the moon shining with the moon-light of wisdom, tell me the 
sum of the remaining number of terms. 

52. Calculate the sum of the remaining number of terms in 
relation to a series of which the number of terms is 12, the 
common difference is minus and the first term is 44, the chosen- 
off number of terms being 3, 4, 5 or 8. 


47. See note under 110, Chap. IT. 

♦ Kald is here used in the double sense of * learning * and ‘ the digits of th© 


7 
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Example in illustration of vyutfe&lita in relation to a serien in 
geometrical progression, 

53. The first tterm is 7-J-. the common ratio is $, and the 
number of terms is 8; and the ehosen-off number of terms is 3, 4 
or 5. What are the first term, the sum and the number of terms in 
relation to the (respective) remainder-series P 

Thus ends tine vyutkaUta of fractions. 


The six varieties of fractions. 

Hereafter we shall expound the six varieties of fractions. 

54. Bhdga (or simple fractions), Pro bhdga (or fractions of 
fractions), then Bhdgabhdga (or complex fractions), then Bhdgdnu- 
bandha (or fractions in association), iBhdgdpavdhci (or fractions in 
dissociation), together with Bhagamdlr (or fractions consisting of 
two or more of the above-mentioned fractions)—these are here said 
to be the six varieties of fractions. 

Simple fractions: (addition and subtraction). 

The rule of operation in Connection with simple fractions 
therein ;— 

55. If, in the operations relating to simple fractions, the 
numerator and the denominator (of each of two given simple 
fractions) are multiplied in alternation by the quotients obtained 


55. the method of reducing fractions to common denominators described in 
this rule applies only to t airs of fractions. The ml* will be dear from the 
following worked out. example : — 

To simplify S -f ^ Here, a and cm are to be multiplied by a which is 

the quotient obtained by dividing y«, the denominator of the other fraction, by 

y which is the common factor of the denominators. Thus we get —^ • 

xyz 

Similarly in the second fraction, by multiplying 6 and yz by * which is the 
quotient obtained by dividing the first denominator xy bv y the common factor. 

we get £* Now " 

xyz' xyz xyz ~ xyz 
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by dividing the denominators by moans of a common factor 
thereof, (the quotient derived from the denominator of either of the 
fractions being used in the multiplication of the numerator and 
the denominator of the other fraction), those (fractions) become so 
reduced as to have equal denominators. (Then) removing one of 
these (equali denominators, the numerators are to be added (to one 
another) or to be subtracted (from one another, so that the result 
may be the numerator in relation to the other equal denominator). 

Another rule for arriving at the common denominator in 
another manner— 

50. The mruddha (or the least common multiple) is obtained 
by means of the continued multiplication of (all), tho (possible) 
common factors of the denominators and (all) their (ultimate) 
quotients. In the case of (all) such multiples of the denominators 
and the numerators (of the given fractions), as are obtained by 
multiplying those (denominators and numerators) by means of 
the quotients derived from the .division of the uiruddha by the 
(respective) denominators, the denominators become equal (in 
value). 

Examples in illustration thereof . 

57 end 58. A imoaka purchased, for the worship of Jma, 
jambu fruits, limes, oranges, cocoanuts, plantains, mangoes and 
pomegranates for £, J, ~,V, an(1 i of golden coin in 

order; tell (me) what the result is when these (fractions) are 
added together. 

59. Add together ^ 5 , ^ and . 

60. (There are 3 sets of fractions), tho denominators whereof 
begin with 1,2 and 3, (respectively) and go on increasing gradually 
by one till the last (of such denominators) becomes 9, 10 and 


to find the values of 


00. The resulting problems are 










52 


OAK 1TA S A JJ ASANG K AH A. 

16 (in order in tlio respectiv3 bets); the numerators (of these sets 
of fractions) are of the same value as the first number (in these 
sots of denominators), and every one of these (above-mentioned 
denominators in each set) is multiplied by the next one ; (the last 
denominator, however, a-emaining in each case unchanged for want 
of a further multiplying denominator). What is the sum of (each 
of) these (finally resulting sets of fractions)? 

61 and 62. (There are 4 sets of fractions), the denominators 
whereof begin with 1, 2, 3 and 4 (respectively) and rise succes¬ 
sively in value by 1 until 20, 42, 25 and 36 become the last 
(denominators in the several sets) in order; the numerators of these 
(sets of .fractions) are of the same value as the first number (in 
these sets of denominators). And every one of these (denominators 
in each set) is multiplied in order by the next one, (the last 
denominator, however, remaining unchanged iu each case). What 
is the sum on adding these (finally resulting sets of fractions) ? 

63. A man purchased on account of a Jina-festival sandal¬ 
wood, camphor, agoru and saffron for 4, r/ f7 and | of a golden 
coin. What is the remainder (left thereof) P 

64. A worthy srdmka gave me two golden coins and told me 
that I should bring, for the purpose of worshipping in the temple 
of Jina, blossomed white lotuses, thick curds, ghee, milk and 
sandal-wood for J, fV anc ^ /<y of a golden coin, (respectively, 
out of the given amount). Now toll me, 0 arithmetician, what 
remains after subtracting the (various) parts (so spent). 

65 and 66. (There are two sets of fractions) the denominators 
whereof begin with 8 and 5 (respectively) and rise in both cases 
successively in value by .1, until 30 becomes (in both eases) the last 
(denominator). The numerators of these (sets of fractions) are of 
the same value as tho first term in each (of these sets of denomina¬ 
tors). And every one of the denominators (in each sot) is multi¬ 
plied by the next one, the last (denominator) being (in each case; 
multiplied by 4. After subtracting from 1, (each of) those two 
(suras obtained by the addition of the sets of fractions finally 
resulting as above), tell me. 0 friend, who have gone over to the 
other shore of the ocean of simple fractions, what it is that remains. 
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67 to 71. The denominators (of certain given fractions) aro 
stated to be 19, 23, 62, 29, 123, 35, 188,37, 98, 47, 140, 141, 116, 
8t, 92, 57, 73, 55,110, 49, 74, 219, (in order); and the numerators 
begin with l and rise successively in value by 1 (in orderV Add 
(all) these (fractions) and give the result, 0 you who have reached 
the other shore of the ocean of simple fractions. 

Here, the rule for arriving at the numerators, (when the deno- 
minatoi'3 and the sum of a number of fractions aro given, is as 
follows) :— 

72. Make one the numerator (in relation to all the given deno¬ 
minators) ; then, multiply by means of such (numbers) as are. 
optionally chosen, those numerators which (are derived from these 
fractions so as to) have a common denominator. (Here), those 
(numbers) turn out to be the required numerators, the sum of the 
products whereof, obtained by multiplying them with the numera¬ 
tors (derived as above), is equal to (the numerator of) the given 
sum (of the fractions concerned). 

The rule for arriving at the numerators, (the denominators and 
the sum being given as before), in relation to such (fractional) 
quantities as have their numerators (successively) rising in value 
bv one , when, in the (given) sum (of these fractions), the deno¬ 
minator is higher in value than the numerator 

73. The quotient obtained by dividing the (given) sum (of the 
fractions concerned) by the sum of those (tentative fractions) 

72. This rule will become clear from the working of the example in stanza 

No. 74, wherein we assume 1 to be the provisional numerator in relation to each 
of the given denominators ; thus wo got J, A and A, which, being reduced so as to 
have a common denominator, become o and When the numerators are 

multiplied by 2, 3 and t in order, the sum of the products thus obtained becomes 
equal to the numerator of the given sum, namely, 877. Hence, 2, 3, and 4 arc the 
required numerators. Here it may be pointed out that this given sum also must 
be understood to have the same denominator as the common denominator of the 
fractions. 

73. To work oat ilie sum given under 74 below, according to this rule i — 

Reducing to the same denominator the fractions formed by assuming 1 to be the 

numerator in relation to each of the given denominators, we get 

Dividing the given sum by the sum of these fractions fJ-J, we get the quotient 

3, which is the numerator in relation to the first denominator. The remainder 279 
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which, (while having the given denominators), have one for the 


numerators and (are then reduced so as to) have a common dene* 
initiator, becomes the (first required) numerator among those which 
(sueceseivoly ) rise in value by one (and are to be found out). On 
the remainder (obtained in this division) being divided by tho 
sunTof tho other numerators (having the common denominator as 
above), it, (/.*., the resulting quotient)} becomes another (viz., the 
second required) numerator (if added to the first one already 
obtained). In this manner (the problem has to l>o worked out) 
to the end. 

-In example in illmiraiion thereof, 

74. The sum of (certain) numbers which are divided (respect¬ 
ively) by 9, 19 and il is 877 as divided by 990. Give out what 
tho numerators are (in this operation of adding fractions). 


■ 


msm 
I SI 
'Xmm 

il# 


m 


ifih 

m 


M 


The rule for arriving at the (required) denominators (is as 
follows):— 

75. When the sum of the (differentfr actional) quantities Laving 
one for their numerators is one, the (required) denominators are such 
as, beginning with one, are in order multiplied (successively) by 




IMS 

fil 


obtained iti this division is then divided by the Him: of tho remaining provisional 
numerators, i.e. r ISO, giving the quotient 1, which, combined with the numerator of 
tho tat fraction, namely 2, becomes the numerator in relation to the second 
denominator. The remainder in this second division, viz., b‘0, is divided by the 
provisional numerator 90 of tho last fraction, and the quotient 3, when combined 
with the numerator of the previous fraction, namely 3, gives rise to tho numera¬ 
tor in relation to the last denominator. Hence the fractions, of which i 8 
the sum, are f, ft and ’ft. 

It is noticeable here that’ the numerators successively found c<at thus become 
the required numerators in relation to the given denominators in the order in 
which they are given. 

Algebraically also, given the denominators a, b & c, in respect of 3 fractions 


■ !j ;, 


whose sum is 


hex + (x *f* 1) ac + (x + 2) ab 


"•j c , tho numerators x, x + 1 and 

x +■ 2 are easily,found.out by the method as given above. 

75. In working out an" example according to the method stated herein, it 
will be found that when there aie n fractions, there are, after leaving cut 
the first and the last fractions, n[ ~ 2 terms in geometaicalprogJessica with f, as 
die first term and | as the common ratio. The sum of these n - 2 terms is 


$ *] 




| . , which when reduced becomes l — which is the same 





if--: 

. 

^ S !'•;. ! ,\ ■ ■'^ "w;.:-•.{ V* ' i ' 1* f|* / ^ ' ' ’ < * 


CHAPTER III—FRACTION8. 


55 


three, the first and the last (denominators so obtained) being 
(however) multiplied (again) by 2 and f (respectively). 

Examples in illustration thereof . 

76. The 8om of five or six or seven (different fractional) 
quantities, having 1 for (each of) their numerators, is 1 (in each 
ease). 0 you, who know arithmetic, say what the (required) 
denominators are. 

The rale for finding out the denominators in the case of an 
uneven number (of fractions) :— 

77. When the sum of the (different fractional) quantities, having 
one for each of their numerators, is me, the (required) denominators 
are such as, beginning with faco, go on (successively) rising in value 
by one , each (such denominator) being (further) multiplied by that 


i i 
i * ' 8 »-i 


as b 

the last fraction 


From rhis it is clear that, when the first fraction b and 


1 


f. 3*- 


-p are added to this last result, the sum becomes X. 


In this connection it may bo noted that, in a scries in geometrical progression 
\ 1 

consisting of n terms, having ~ as the first term and - as the common ratio, the 

sum is, for all positive integral values of a, less than ■“—j fyr a . ^ * the 

a 

(n + l)th term in the series. Therefore, if ive add to the sum of the series in 
geometrical progression ( w + l)**b term, which is the last fraction 


according to the rule stated in this stanza, we "efc—,* To this , , we 

J ll t i ct — J 

a — 2 .. a _ 2 

have to add ~ ~q in order to get 1 as the sum. This ^ ^ is mentioned in the 

rule as the first fraction, and so 3 is the value chosen for a, since tho numerator 
of all the fractions has to be 1. 

-1_ + .2_J ........ L. . 1 

2 x 3 x * ^ 3 x 4 x $ + 4 * 5 x * 

+ * 

71 X $ 

TBb : j 


77. Here note : 
1 


(w-ljwx .] 


■w 


x 3 T 3 X 4 T 4 X 5 


+ .. + 


n(n - T) 


2 


{(* - \) + » - o + a - 1) + + (r~i - i ) + ~ ] 


2 x #»1. 


















(number) which is (immediately) next to it (in value) and then 
halved. 

The rule for arriving at the (required) denominators (in the 
ease of certain intended fractious), when their numerators aTe 
(each) one. or other than owe, and when the (fraotion constituting 
their) sum has one for its numerator - 

78. When the sum (of certain intended fractions) has one for 
its numerator, then (their required denominators are arrived at by 
taking) the denominator. of the sum to he that of the first 
(quantity), and (by taking) this (denominator) combined with its 
own (related) numerator to be (the denominator) of the next 
(quantity) and so on, and then by multiplying (further each such 
denominator in order) by that which is (immediately) next to it., 
the last (denominator) being (however multiplied) by its own 
(related) numerator. 

Example's in illustration thereof. 

79. The sums (of certain intended fractions) having for their 
numerators 7, 9, 3 and 13 (respectively) are (firstly) 1, (secondly) 
I and (thirdly) -g. Say what the denominators (of those fractional 
quantities) are. 

The rule for arriviug at the denominators (of certain intended 
fractions) having one for their numerators, when the sum (of those 
fractions) has one or (any quantity) other than one for its 
numerator: — 



78. Algebraically, if the sura is and a, b, c, and d are the given numerators, 

the fractions summed up are as below 

a b c 


n (n d* a) + (n d- a) (n + a + 6) + (n d* a + b) (n + a d- b -f c ) 

____ 

d (a + a + b d- c) 

a (n + a -f by + bn e 4- n d- a + b 

n (i* d- «) (n + a *4* b) + {n 4- a + b) (n + a 16 + c) 

(n + «) (ft f i) 1 

u \n 4- a) (n + a + h) + n + a d* b 
f; 4* 6 + n 1 


+ 
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80. The denominator (of the given Mum ) } when combined with 
an optionally chosen quantity and then divided by the numerator 
of that sum so as to leave no remainder, becomes the denominator 
related to the first numerator (in the intended series of fractions) ; 
and the (above) optionally chosen quantity, when divided by this 
(denominator of the first fraction) and by the denominator of the 
(given) sum, gives rise to (the sum of) the remaining (fractions in 
the series). From this (known sum of the remaining fractions in 
the series, the determination) of the other (denominators is to be 
carried out) in this very manner. 

Examples in illustration thereof. 

81. Of three (different) fractional quantities having 1 for eaoh 
of their numerators, the sum is and of 4 (suoh other quantities, 
the sum is) $. Say what the denominators are. 

The rule for arriving at the denominators (of certain intended 
fractions) having either one or (any number) other than one for 
their numerators, when the sum (of those fractions) has a numerator 
other than one :— % 

82. When the known numerators are multiplied by (certain) 
chosen quantities, so that the sum of these (products) is equal to 
the numerator of the (given) sum (of the intended fractions), then, 
if the denominator of the sum (of the intended fractions) is 
divided by the multiplier (with which a given numerator has) itself 
(been multiplied as above), it gives rise to the required denominator 
in relation to that (numerator). 


80. Algebraically, if 


is the sum, the first fraction is 


of the remaining fractions is mentioned in the role to be 


'where p is the 


is obtained obviously by fiit&plifyinf 


optionally chosen quantity. This 


Vfo nui#t here give suoh a value to p that n + p becomes exactly divisible by a, 
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Examples in illustration thereof. 


83. Sav what the denominators are of three (different fractional) 
quantities each of which has 1 for its numerator, when the sum 
(of those quantities) is f§. 

84. 8a.y what the denominators are of three (fractional quanti¬ 
ties) which have 3, 7 and 9 (respectively) for their numerators, 
when the sum (of those quantities) is $f. 


The rule for arriving at the denominators of two (fractional) 
quantities which have one for each of their numerators, when the 
sum (of those quantities) has one for its numerator 

85, The denominator of the (given) sum multiplied by any 
chosen number is the denominator (of one of the intended fractional 
quantities); and this (denominator) divided by the (previously) 
chosen (number) as lessened by one gives rise to the other 
(required denominator). Or, when in relation to the denominator 
of the (given) sum (any chosen) divisor (thereof) and the 
quotient (obtained therewith) are (each) multiplied by their sum, 
they give rise to the two (required) denominators. 


Examples in illustration thereof. 

86. Tell mo, 0 you who know the principles of arithmetic,what 
the denominators of the t wo (intended fractional) quantities are 
when their sum is either | or f \>. 


The first rule for arriving at the denominators of two 
(intended fractions) which have either one or (any number) other 


85. Algebraically, when — is the sum of two intended fractions, the fraction* 


according to this rule are and — , where p is any chosen quantity. It wilt 
JW pn 




, 1 


b» aeon at ones that the sum of these two fractions is 

t h 


Or, When the stun is ~, the fractions may be taken to be a ^ a \ (,j an< * 


b{a+ bf 
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than one for their numerators., when the sum (of those fractions) has 
either one or (any number) other than one for its numerator :— 

87 (.Either) numorator mulitiplied by a chosen (number), then 
combined with the other numerator, then divided by the numerator 
of the (given) sum (of the intended fractions) so as to leave no 
remainder, and then divided by the (above) chosen number and 
mulitiplied by the denominator of the (above) sum (of the intended 
fractions), gives rise to a (required) denominator. The denomi¬ 
nator of the other (fraction), however, is this (denominator) 
multiplied by tho (above) chosen (quantity). 

Examples in illustration thereof\ 

88. Say what the denominators are of two (intended fractional) 
quantities which have 1 for each of their numerators, when the sum 
(of those fractional quantities) is either \ or f; as also of two 
(other fractional quantities) which have 7 and 9 (respectively) for 
(their) numerators. 

The second rule (is as follows):— 

89. The numerator (of one of the intended fractions) as 
multiplied by the denominator of the sum. (of tho intended 
fractions), when combined with the other numerator and then 
divided by the numerator of the sum (of tho intended fractions), 
gives rise to the denominator of one (of the fractions). This 
(denominator), when multiplied by the denominator of the sum 
(of the intended fractions), becomes the denominator of the other 
(fraction). 


87. Algebi’aicnlly, it ~ is the sum of two intended fractions with a and b 

a b . 

us their numerators, then the fractions are ■■ ■ -v— and ~rr—» where p 

d't) t U 71 lip tU 71 

Jl -x — —— x - x p 

m p m p 

is tiny number so chosen that ap f b is divisible by m. The sum of these fractions} 
m 

it will be found, is 

8i>. This rule is only a particular case of the rule given in stanza No. 87, fes 
the denominator of the sum of tho intended fractions is itself substituted in this 
rule for ths quantity to bo chosen in tlie previous rule. 
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Examples in illustration thereof. 

90. O friend, tell are what the denominators are of two (frac¬ 
tional) quantities which have 1 for each of their numerators, 
when the sum (of those intended fractions) is f; as also of (two 
other intended fractions) which have 6 and 8 (respectively) for 
(their) numerators, 

91. The sum of $, -J, and ^ is 1. When T V is left out here, 
what two (fractions) having 1 (for each of their numerators) hare 
to he added (instead so as to give the same total) ? 

92. The sum of }, £ and 1. If ^ is left out here, 

what two (fractions) having 7 and 11 for their numerators should 
be added (instead so as to give the same total) ? 

The rule for arriving at the denominators (of a number of 
intended fractions) by taking (them) in pairs:— 

93. After splitting up the sum (of all the intended fractious) 
into as many parts having one for each of their numerators as 
there are (numbers of) pairs (among the given numerators), these 
(parts) are taken (severally) as the sums of the pairs; (and 
from them) the (required) denominators are to be found out in 
accordance with the rule relating to two (such component 
fractional quantities). 

Examples in illustration thereof. 

94. What are the denominators of (those intended) fractions 
whose numerators are 3,5,13, 7, 9 and 11, when the sum of (those 
fractional) quantities is 1 or £ ? 

The rule for arriving at (a number of) denominators., with 
the help of the denominators that have one as (their corresponding) 
numerators and are arrived at according to one of the (already 
given) rules (for finding out the denominators), as also with the 
help of the denominators that have one as (their corresponding) 
numerators and arc arrived at according to any other of those 


93. Tbe rule* relating to two fractional quantities have* been given in stanzas 
86,87 and 89* 
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rules, when the sum (of all the intended fractions) is one ; and also 
(the rule) for getting at (the value of) the part that is left out 

95. The denominators derived in accordance with (any) chosen 
rule, when (severally) multiplied by the denominators derived in 
accordance with another rule, become the (required) denominators. 
The sum (of all the fractions), diminished by the sum of the 
specified part (thereof), gives the measure of the optionally left- 
out part. 

Examples in illustration thereof. 

96. The number of fractions (obtained) by rule No. 77 is 13, 
and 4 (is obtained) by rule No. 78. When the sum (of the 
fractions arrived at with the help of these rules) is 1, how many 
are the (component) fractions ? 

97. The number of fractions (obtained) by rule No.78 is 7, 
and 3 (is obtained) by rule No. 77. When the sum (of the frac~ 
tions arrived at) with the help of these (rules) is 1, how many are 
the (component) fractions ? 

98. Certain fractions are given with 1 for each of their numer¬ 
ators, and 2, 6,-12 and 20 for their respective denominators. The 
(fifth fractional) quantity is here left out. The sum of all (these 
five) being l, what is that (fractional) quantity (which is left 
out) ? 

Hero end Simple Fractions. 

Compound and Complex Fractions* 

* The rule for (simplifying) compound and complex fractions :~— 

99. In (simplifying) compound fractions, the multiplication of 
the numerators (among themselves) as well as of the denominators 
(among themselves) shall be (the operation). In tho operation (of 
simplification) relating to complex fractions, the denominator of 
(the fraction forming) the denominator (becomes) the multiplier 
of the number forming the numerator (of tho given fraction). 


90. The complex fruction here dealt with is of tho sort which has an integer 
for the numerator and a fraction for tho denominator. 
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Examples in compound fractions. 

100 to 102. To offer in worship at the feet of: .Jina, lotuses, 
jasamines, ketakis and lilies were purchased in return for the pay¬ 
ment, of of l, $ of -j- of \ of | f , i of -j of i of | of > S) ) of 
| of |f, 1 of \ of | of J of 4 of | of | f of a of of |f of 
and £ of i, of a pane. Sum up these (paid quantities) and give 
out the result. 

103 and 104. A certain person gave (to a vendor) | of 1, 
| of I of £ of l; I of I, and f of (of a pana ) out of the 2 
panas ( in his possession), and brought fresh ghee for (lighting) the 
lamps in a Jina temple. O friend, give out what the remaining 
balance is. 

105 and 106. If you have taken pains in connection with 
compound fractions, give out (the resulting sum) after adding these 
(following fractions):—| of ) f , V ! of r«> & 4> W °f i 

and J of | of t. 

The rule tor finding out the one unknown (element common 
to each of a set of compound fractions whose sum is given):— 

107. The given sum, when divided by whatever happens to be 
the sum arri ved at in accordance with the rule (mentioned) before 
by putting dowu one in the place of the unknown (element in the 
compound fractions),gives rise to the (required) unknown (element) 
in (the summing up of) compound fractions. 

An example in illustration thereof. 

108. The sum of i, J of i, ^ of £ of £ of J, of a certain 
quantity is £. What is this unknown (quantity) ? 

The rule for finding out more than one unknown (element, 
one such occurring in each of a set of compound fractions whose 
sum is given) 

109. Make the unknown (values of the -various partially known 
compound fractions) to be (equivalent to) such optionally chosen 

109. This rule will be clear from the following: working of the problem given 
in stanza No* 110 - 

splitting up i, the sum of the intended fractions, into 3 fraction# according’ 
to rule No* 78, we get x and Making these the talues of the three 
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.quantities,as, (being' equal in‘number to the given compound frac¬ 
tions), have their sum equal to the given sum (of the partially 
given compound fraotions) : then, divide these (optionally chosen) 
values of the unknown (compound-fractional) quantities by (their) 
known (elements) respectively. 

An example in illustration thereof\ 

110. (The following partially known compound fractions, viz.,) 
| of a certain quantity, f of \ of another (quantity), and ^ of 
| of (yet) another (quantity give rise to) \ as (their) sum. What 
are the unknown (elements here in respect of these compound 
fraotions) ? 

Examples in complex f ractions. 

111. (Given) b | and say what the sum is when these 
are added. 

112. After subtracting f, and also | anS. 1, from 9, give out 

3 t T 8 

the remainder. 

Thus end Compound and Complex Fractions. 


Bhqf/anubandha Fractions. 

The rule in respect of the (simplification of) Bhdgdnubandha 
or associated fractions : — 

113. In the operation concerning (the simplification of) the 
Bhdgdnubandha class (of fractions), add the numerator to the 


partially known compound fraotions, wo divide them in order by £•, £ of and $ 
of | respectively. The fractions thus obtained, vir., J, and f, are the quantities 
to bo found out. 

1X3. Bhdgdnubandha literally means an associated fraction- This ride contem¬ 
plates two kinds of associated fractions. The first is wbat is known as a mixed 
number, i.e., a fraction associated with an integer. The second kind consists of 
fractions associated with fractions, e.g. t i associated with £, $ associated with 
its own 1 and with J of this associated quantity. The egression “ } associated 
with i ” means -*• -|- £ of 1. The meaning of the other example here is 1 + | of 
l ~j_ I of (1+i of i). This kind of relationship is w hat is denoted by association 
in additive consecution. 
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('product of the associated) whole number multiplied by the 
denominator. (When, however, the associated quantity is not 
integral, but is fractional), multiply (respectively) the numerator 
and denominator of the first (fraction, to which the other fraction 
is attached) by the denominator combined with the numerator, and 
by the denominator (itself, of this other fraction). 

Examples on Bhagaimbandba fractions containing associated 
integers. 

114. Niskas 2, 3, 6 and 8 in number are (respectively) associa¬ 
ted with ^ $, l and 0 friend, subtract (the sum of the&e) 
from 20. 

115. Lotuses were purchased for 1|, camphor for 10^, and 
saffron for 2% (niskas). What is (their total) value when added ? 

116. O friend, subtract from 20 (the following):—8|, 6£, 2iV 
and 8|. 

117. A. person, after paying 7-J, 8-|, 9f and 10| mdsas, offered 
in worship in a Jina temple, garlands of blooming kuravdka , kunda, 
jdti and malR flowers. 0 arithmetician, tell me quickly (the sum 
of those mfipas) after adding them. 


Examples on Bhagariubandha fractions containing associated 
fractions . 

118. (Here) \ is associated with its own \ and with \ (of this 
associated quantity); and £ also (is similarly associated); is asso¬ 
ciated with its own £ and with | (of this associated quantity). 
What is the value when these are (all) added ? 

119. For the purpose of worshipping the exalted Jinas a 

certain person brings—flowers (purchased) for } ( niska ) associated 
(in additive consecution) with fractions (thereof) commencing 
with % and ending with | (in order); and acents (purchased) for 
} (niska) associated (similarly) with £ and i (thereof); 

and incense (purchased) for £ (niska) associated (similarly) with 
l, | and | (thereof): what is the sum when these ( niskas ) are 
$dded ? 
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120. 0:friend, subtract (the following) from 3 : -J'associated 
with | of itself and with of this (associated quantity), •£ associated 
with i f and £ of itself (in additive consecution), (similarly) 
associated with (fractions thereof) commencing with and ending 
with and associated with ^ of itself. 

121. 0 friend, yon, who have a thorough knowledge of Bhaga- 
nubandha, give out (the result) after adding | associated with | of 
itself, associated with \ of itself, } associated with | of itself, 
i associated with * of itself, and J associated with $ of itself. 

Now the rule for finding out the one unknown (element) at 
the beginning (in each of a number of associated fractions, their 
sum being given):— 

122. The optionally split up parts of the (given) sum, which 
are equal (in number) to the (intended) component elements 
(thereof), when divided in order by the resulting quantities arrived 
at by taking one to be the associated quantity (in relation to these 
component elements), give rise to the value of the (required) 
unknown (quantities in association). 

Examples in illustration thereof. 

123. A certain fraction is associated with i and * of itself 
(in additive Consecution)'; another (is similarly associated) with 

i, ^d l of itself ; and another (again is similarly associated) 
w ith f, l- and £ of itself; the sum of these (three fractions so asso¬ 
ciated) is l: what are these fractions ? 

124. A certain fraction, when associated (as above) with ), J. 

I an d of itself , becomes ). Tell me, friend, quickly the measure 
of this unknown (fraction). 


122. This rule will be olear from the working of example No. 123 as explained 
below:— 

There are three sets of fractions given ; and splitting up the sum, 1, into three 
fractions according to rule No. 75, we get £, | and J* By dividing those fractions 
by the quantities obtained by simplifying the three given seta of fractions 
wherein 1 is assumed as the unknown quantity, we obtain { and & t which are 
the required quantities, 

0 
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The rule for finding out any unknown fraction m other 
required places (than the beginning):— 

125. The optionally split up parts of the (given) sum, when 
divided in order by the simplified known quantities (in the 
intended Bhdgdmbandha fractions), and (then) diminished by 
one , become the unkno wn (fractional quantities) in the required 
places of our choice. 

Thus ends the Bhdgdmbandha class (of fractions), 


Bhagapavaha Fractions. 

Then (comes) the rule for the (simplification of) Bhagapavaha 
(or the dissociated) variety (in fractions) :— 

126. In the operation concerning (the simplification of) the 
Bhagapavaha, class (of fractions), subtract the numerator from the 
(product of the dissociated) whole number as multiplied by the 
denominator. (When, however, the dissociated quantity is not 
integral, but is fractional,) mulitiply (respectively) the numerator 
and the denominator of the first (fraction to which the other 
fraction is negatively attached) by the denominator diminished 
by the numerator, and by the denominator (itself, of this other 
-fraction). 

'Examples on Bhagapavaha fractions containing dissociated 
integers . 

127. Karsas 3, 8, 4 and 10, diminished by -J , and J of a 
harm , are offered by certain men for the worship of tirthaiYkaras. 
What is (the sum) when they are added ? 


125. The method given in this rule is similar to what is explained under stanza 
No. 122 : only the results thus obtained have to be, in this case, each diminished 
by one, 

120. Bhagapavaha literally means fractional dissociation* As in Bhdgdnu - 
handha t there are two varieties here also* When an Integer and a fraction are 
in Bhagapavaha relation, the fraction is simply subtracted from the integer. 

Two or more fractions may also be in such relation, as for example, f dissoci* 
ated from J of itself or f dissociated from i, and \ of itself. It is meant here 
that J of f is to be subtracted from f in the first example; and tb e second example 

comes to ?~§ of f— » of (f —i of ?) — i of f— of f — * of (f — | off) j . 





C&APTfcR III—REACTIONS. 


67 


128. Tell me, friend, quickly the amount of the money remain¬ 
ing after subtracting from 6 X 4 of it, (the quantities) 9, 7 and 9 
as diminished in order by f, £ and f. 

Examples on Bhagapavaha fractions containing dissociated 
fractions. 

129. Add f, J, £, l and f which are (respectively) diminished 
by f, I, } and £ of themselves in order; and (then) give out 
(the result). 

130. (Given) f of a pana diminished by J 9 - and -fe of 

itself (in consecution); (similarly) diminished by } and } of 
itself ; (similarly) diminished by f, § and \ of itself; and another 
(quantity), viz., § diminished by -f of itself—when these are (all) 
added, what is the result ? 

181. If you have taken pains, 0 friend, in relation to Bkdga- 
pavaha fractions, give out the remainder after subtracting from l£ 
(the following quantities): l diminished (in consecution) by f, } 
and of itself; also (similarly) diminished by } and \ of itself ; 
and (also) | (similarly) diminished by | and £ of itself. 

Here, the rule for finding out the (one) unknown element at the 
beginning (in each of a number of dissociated fractions, their sum 
being given):— 

132. The optionally split up parts of the (given) sum which are 
equal (in number) to the (intended) component elements (thereof), 
when divided in order by the resulting quantities arrived at by 
taking one to be the dissociated quantity (in relation to these 
component elements), give rise to the value of the (required) 
unknown (quantities in dissociation). 

Examples in illustration thereof 

133. A certain fraction is diminished (in consecution) by $ 
and \ of itself ; another fraction is (similarly) diminished by £ 
and \ of itself; and (yet) another is (similarly) diminished by f, 


132. The working is similar to what has been explained under stanza No. 122. 
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\ and l ot itself. The sum of these (quantities so diminished) is 
What are the unknown fractions here ? 

134. A certain fraction, diminished (in consecution) by $•, 

^ and f of itself, becomes 0 you, who know the principles of 
arithmetic, what is that (unknown) fraction ? 

The rule for finding out any unknown fraction in other required 
places (than the beginning) 

135. The optionally split up parts derived from the (given) 
sum, when divided in order by the simplified known quantities (in 
the intended Bhdgapavdha fractions), and (then) subtracted from 
one (severally), become the unknown (fractional quantities) in the 
(required) places of our choice. 

Thus ends the Bhdgapavdha variety of fractions. 

The rule for finding out the unknown fractions in all the 
places in relation to a Bhdgdnubandha or Bhdgapavdha variety of 
fractions (when their ultimate value is known) :— 

136. Optionally choose your own desired fractions in relation 
to all unknown places, excepting (any) one. Then by means of 
the rules mentioned before, arrive at that (one unknown) fraction 
with the help of these (optionally chosen fractional quantities). 

Examples in illustration thereof\ 

137. A certain fraction combined with five other fractions of 
itself (in additive consecution) becomes and a certain (other) 
fraction diminished (by five other fractions of itself in consecution) 
becomes J. 0 friend, give out (all) those fractions. 


135. This rule is similar to the rule already given in stanza No- 125. 

136. The previous rules here intended are those given in stanzas 122, 125, 132 
and 135. 

137. In working out the first case in this example, choose the fractions J, J, $*» 
l and l in places other than the beginning ; and then find out, by the rule given 
in stanza 122, the first fraotion which comes to be i Or choosing $, J-, J, and J, 
find out the fraction left out; in a place other than the beginning in accordance 
with the rule given in stanza 125 ; the result arrived at is b Similarly, the seoond 
case which involves fractions in dissociation can be worked out with the help of 
the rules given in stanzas 132 and 135. 
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Bhagamatr Fractions. 

The rule for (the simplification of) that class of fractions 
which contains all the foregoing varieties of fractions :— 

138. In tho case of the Bhagamatr class of fractions (or that 
class of fractions which contains all the foregoing varieties), the 
respective rules pertaining to the (different) varieties beginning 
with simple fractions (hold good). It, i.e ., Bhagamatr , is of 
twenty-six kinds. 

One is (taken to be) the denominator (in the case) of a quantity 
which has no denominator. 

Examples in illustration thereof. 

139 and 140. (Given) *of *; $of 1* { If; f 

4 2 

associated with | of itself; then -f- associated with £ of itself; 1 
diminished by f« 1 diminished by X V; £ diminished by -J of itself; 
and ^ diminished by £ of itself : after adding these according to 
the rules which are strung together in the manner of a garland of 
blue lotuses made up of fractious, give out, 0 friend, (what the 
result is). 

Thus ends the jBhagamatr variety of fractions. 

Thus ends the second subject of treatment known as 
Fractions in Sarasangraha which is a work on 
arithmetic by Mahaviracarya. 


138. The twenty-six varieties here mentioned are Bhfiga, Prabh&ga, Bliiiga- 
bhaga, Bhagannbandha, and Bbagapavalia, in combinations of two, threo, four or 
five of these at a time ; suoh as, the variety in which Bhaga and Prabhftga arc 
mixed, or Bhaga and Bhagabhaga are mixed, and so on. The number of varieties 
obtained by mixing two of them at a time is 10, by mixing three of them at a 
time is 10, and by mixing four of them at a time ia 5, and by mixing all of them at 
a time is 1; so there are 26 varieties. The example given in stanza 139 belongs 
to this last-mentioned variety of JBhilgamutp in which all tho five simple varieties 
are found. 

139. The word utpalamdlikd , which occurs in this stanza, means a garland of 
blue lotuses, at the same time that it happens to be the name of the metro in 
which tho stanza is composed. 
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CHAPTER IV. 

MISCELLANEOUS PROBLEMS (ON FRACTIONS). 

The Third Subject of Treatment. 

1. After saluting the Lord Jina, Mahavira, whose collection 
of infinite attributes is highly praiseworthy, and who vouchsafes 
boons to (all) the three worlds that worship (him), I shall treat of 
miscellaneous problems (on fractions). 

2. May Jina, who has destroyed the darkness of unrighteous¬ 
ness, and is the authoritative exponent of the syddvdda , and is the 
joy of learning, and is the great disputant and the best of sages, 
be (ever) victorious. Hereafter we shall expound the third subject 
of treatment, viz., miscellaneous problems (on fractions). 

3. There are these ten (varieties in miscellaneous problems on 
fractions, namely), Bhdga, Sew, Mula , Sewmula , the two varieties 


3. The Bhdga variety consists of problems wherein is given the numerical 
value of the portion remaining after removing certain specified fractional parts of 
the total quantity to be found out. The fractional parts removed are each of 
them oalled a bhdga , and the numerical value of the known remainder is termed 
drsya. 

The 8 fa variety consists of problems wherein the numerical value is given, 
of the portion remaining after removing a known fractional part of the total 
quantity to be found out as also after removing certain known fractional parts 
of the successive seias or remainders. / 

The Mula variety consists of problems wherein the numerical value is given 
of the portion remaining after subtracting from the total quantity certain 
fractional parts thereof as also a multiple of the square root of that total quantity. 

The SesamUla variety is the same as the mula variety with this difference, 
viz., the square root here is of the remainder after subtracting the given 
fractional parts, instead of being of the whole. 

The Dvirayra-4 «amula variety consists of problems wherein a known number 
of things is first removed, then some fractional parts of the successive remainders 
and then some multiple of the square root of the further remainder arc removed, 
and lastly the numerical value of the remaining portion is given. The known 
number first removed is called fiervagra. 

in the A}hsamula variety, a multiple of the square root of a fractional part 
of the total number is supposed to be first removed, and then the numerical 
value of the remaining portion is given. 
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Dviragrasesam Til a and Am&amula, and then Bhdgabhyasa , then 
Amsavarga , Mulanmra and Bhinnadr tya. 

The rule relating to the Bhaga and the §esa varieties therein, 
(i.e., in miscellaneous problems on fractions). 

4. In the operation relating to the Bhaga variety, the (required) 
result is obtained by dividing the given quantity by one as 
diminished by the (known) fractions. In the operation relating to 
the ,<#sa variety, (the required result) is the given quantity divided 
by the product of (the quantities obtained respectively by) sub¬ 
tracting the (known) fractions from one. 

Examples in the Bhaga variety. 

5. Of a pillar, f- part was seen by me to be (buried) under the 
ground, ^ in water, \ in moss, and 7 hastas (thereof was free) in 
the air. What is the ' v length of the) pillar ? 


In the Bhdgdbhyasa or Bhagasanw^o variety, the numerical value is given of 
the portion remaining after removing from the whole the product or products of 
certain fractional parts of the whole taken two by two. 

The Amavarga variety consists of problems w herein the numerical value is 
given of the remainder after removing from the whole the square of a fractional 
part thereof, this fractional part being at the same time increased or decreased 
by a given number. 

The Mulamiira variety oonsists of problems wherein is given the numerical 
value of the sum of the square root of the whole when added to the square root 
of the whole os increased or diminished by a given number of things. 

In the Bhinnadffaa variety, a fractional part of the whole as multiplied by 
another fractional part, thereof is removed from it, and the remaining portion is 
expressed as a fraction of the whole. Here it will he seen that unlike in the 
other varieties the numerical value of the last remaining portion is not actually 
given, but, is expressed as a fraction o! the whole. 

4u Algebraically, t-lfe rule relating to the Bhaga variety is where x is 

the unknown collective quantity to be found out, a is the drsya or agra, and b is 
the bhaga or the fractional part or the sum of the fractional parts given. 

It is obvious that this is derivable from the equation x — bx = a. 

The rule relating to the variety, when algebraically expressed, comes to 

‘ T ~(l ~ AHl - taTx'S^ w ^ ere are fractional parts of the 

successive remainders. This formula also is derivable from the equation 
x—bix~b z (x-b x x) — b z x~biX~b 2 (# —t.i{r)j —&c.=a. 
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6. Out of a collection of excellent bees, took delight in pafati 
trees, -J- in kadamba tree, \ in mango trees, ^ in a campaka tree 
with blossoms fully opened; ^ in a collection of full-blown lotuses, 
opened by the rays of the sun; and (finally), a single intoxicated 
bee has been circling in the sky. What is the number (of bees) 
in that collection ? 

7. A certain srrlvaka, having gathered lotuses, and loudly 
uttering hundreds of prayers, offered those (lotuses) in worship, -J- 
of those lotuses and and £ of this (^) respectively to four 
Urthahkaras commencing with the excellent Jina Vrsabha; then to 
Sumati as well as of this (same of the lotuses); (there¬ 
after) he offered in worship to the remaining (19) tirthankaras 
2 lotuses each with a mind well-pleased. What is the numerical 
value of (all) those (lotuses) ? 

8 to 11. There was seen a collection of pious men. who had 
brought their senses under control, who had driven away the 
poison-like sin of karma , who were adorned with righteous 
conduct and virtuous qualities and whose bodies had been em¬ 
braced by the Lady Mercy. Of that (collection), -fe was made up 
of logicians; this (^ diminished by | of itself was made up of 
the teachers of the true religion; the difference between these 
two (, namely, ^ and ^ iV) was made up of those that 

knew the Yedas; this (last proportional quantity) multiplied by 6, 
was made up of the preachers of the rules of conduct, and this very 
same (quantity) diminished by \ of itself was made up of astro¬ 
logers ; the difference between these two (last mentioned quantities) 
was made up of controversialists; this (quantity) multiplied by 6 
was made up of penitent ascetics; and 9x8 leading ascetics were 
(further) seen by me near the top of a mountain with their shining 
bodies highly heated by the rays of the sun. Tell me quickly 
(the measure of this) collection of prominent sages. 

12 to 16. (A number of) parrots descended on a paddy-field 
beautiful with (the craps) bent down through the weight of the 
ripe com. Being scared away by men, all of them suddenly 
flew up. One-half of them went to the east, and -J- went 
to the south-east; the difference between those that went 
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to the east and those that went to the south-east, diminished 
by half of itself and (again) diminished by the half of this 
(resulting difference), went to the south ; the difference between 
those that went to the south and those that went to the south-east, 
diminished by § of itself, went to the south-west; the difference 
between those that went to the south and those that went to the 
south-west, went to the west; the difference between those that went 
to the south-west and those that went to the west, together with 
f of itself, went to the north-west; the difference between those 
that went to the north-west and those that went to the west, 
together with £ of itself, went to the north ; the sum of those that 
went to the north-west and those that went to the north, diminished 
by | of itself, wont to the north-east; and 280 parrots were found 
to remain in the sky (above). How many were the parrots 
(in all) ? 

17 to 22. One night, in a month of the spring season, a 
certain young lady . . . was lovingly happy along with her 
husband on . . . the floor of a big mansion, white like the 
moon, and situated in a pleasure-garden with trees bent down 
with the load of the bunches of flowers and fruits, and resonant 
with the sweet sounds of parrots, cuckoos and bees which were all 
intoxicated with the honey obtained from the flowers theroin. 
Then on a love-quarrel arising between the husband and the wife, 
that lady’s necklace made up of pearls became sundered and fell 
on the floor. One-third of that necklace of pearls reached the 
maid-servant there ; } fell on the bed ; then | of what remained 
(and one-half of what remained thereafter and again % of what 
remained thereafter) and so on, counting six times (in all), fell all 
of them everywhere; and there were found to remain (unscattered) 
1,161 pearls; and if you know (how to work) miscellaneous 
problems (on fractions), give out the (numerical) measure of the 
pearls (in that necklace). 

23 to 27. A collection of bees characterized by the blue color 
of the shining indranlla gem was seen in a flowering pleasure- 


17. Certain epithets hero have not been considered lit for translation, 
10 
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garden. One-eighth of that (collection) became hidden in aioka 
trees, \ in kufaja trees. The difference between those that hid 
themselves in the Imiaja trees and the asoka trees, respectively, 
multiplied by 6, became hidden in a crowd of big pafafi trees. 
The difference between those that hid themselves in the pdfali 
trees and the asoka trees, diminished by ^ of itself became hidden 
in an extensive forest of sdla trees. The same difference, together 
with ) of itself, became hidden in a forest of madhuka trees; \ of 
that whole collection of bees was seen hidden in the vakula trees 
with well-blossomed flower-buds; and that same } part was found 
hidden in filaka , knramica , sarala and mango trees, and on .collec¬ 
tions of lotuses, and at the base of the temples of forest elephants; 
and 83, (remaining) bee& were seen in a crowd of lotuses, that were 
variegated in color on account of the large quantity of (their) 
filaments. Give out, 0 you arithmetician,, the (numerical) 
measure of that collection of bees. 

28. Of a herd of cattle, k is on a mountain ; J of that is at the 
base of the mountain; and 6 more parts, each being in value half 
of what precedes it, are found together in an extensive forest, and 
there are (the remaining) 82 cows seen in the neighbourhood of 
a city. Tell me 0 you mv friend, the (numerical) measure of that 
herd of cattle. 

Here end the examples in the Bhdga variety. 

Examples in the Sew variety. 

29-30, Of a collection of mango fruits, the king (took) 
tho queen (took) | of the remainder, and three chief princes took 
£, J- and j (of that same remainder); and the youngest child took 
the remaining three mangoes, 0 you, who are clever in (working) 
miscellaneous problems on fractions, give out the measure of that 
(collection of mangoes). 

31. One-seventh of (a herd of) elephants is moving on a 
mountain ; portions of the herd, measuring from J in order up to 
| , in the end, of every successive remainder, wander about in a 
forest; and the remaining 6 (of them) are seen near a lake, How 
many are those elephants ? 
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32. Of (the contents of) a treasury, one man obtained J 
part; others obtained from -£• in order to in the end, of the 
successive remainders; and (at last) 12 purdnas were seen by me 
(to remain). What is the (numerical) measure (of the purdnas 
contained in the treasury) ? 

Here end examples in the Sem variety. 

The rule relating; to the Mula variety (of miscellaneous prob¬ 
lems on fractions):— 

33. Half of (the coefficient of) the square root (of the unknown 
quantity) and (then) the known remainder should be (each) divided 
by one as diminished by the fractional (coefficient of the unknown) 
quantity. The square root of the (sum of the) known remainder 
(so treated), as combined with the square (of the coefficient) of the 
square root (of the unknown quantity dealt with as above), and 
(then) associated with (the similarly treated coefficient of) the 
square root (of the unknown quantity), and (thereafter) squared (as 
a whole), gives rise to the (required unknown) quantity in this 
mulct variety (of miscellaneous problems on fractions). 


Examples in illustration thereof\ 


34. One-fourth of a herd of camels was seen in the forost; 
twice the square-root (of that herd) had gone on to mountain- 
slopes ; and 3 times 5 camels (were), however, (found) to remain on 
the bank of a river. What is the (numerical) measure of that 
herd of camels ? 

35. After listening to the distinct sound caused by the drum 
made up of the series of clouds in the rainy season, and | (of a 
collection) of peacocks, together with £ of the remainder and -J- of 
the remainder (thereafter), gladdened with joy, kept on dancing on 

33. Algebraically expressed, this rule comes to 



equation.» {bx+ c t/x + a) — 0. Phis equation is the algebraical expression of 
problems of this Tariety. Hero c stands for the coefficient, of the square root 
of the unknown quantity to be found out. 
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the big theatre of the mountain top; and 5 times the square root 
(of that collection) stayed in an excellent forest of vakula trees; 
and (the remaining) 25 were seen on a piinmga tree. 0 arith¬ 
metician, .give cfnt after calculation (the numerical measure of) 
the collection of peacocks. 

36. One-fourth (of an unknown number) of mrasa birds 
is moving in tlie midst of a cluster of lotuses ; £ and | parts 
(thereof) as well as 7 times the square root (thereof) move on a 
mountain ; (then) in the midst of (some) blossomed vakula trees 
(the remainder) is (found to be) 56 in number. 0 you clever 
friend, tell me exactly how many birds there are altogether. 

37. No fractional part of a collection of monkeys (is distributed 
anywhere) ; three times its square root are on a mountain; and 40 
(remaining) monkeys are seen in a forest. What is the measure 
of that collection (of monkeys) ? 

38. Half (thenumber) of cuckoos were found on the blossomed 
branch of a mango tree ; and 18 (were found) on a tilaka tree. No 
(multiple of the) square root (of their number was to be found 
anywhere). Give out (the numerical value of) the collection of 
cuckoos. 

39. Half of a collection of swans was found in the midst of 
vakula trees ; five times the square root (of that collection was 
found) on the top of tamala trees ; and here nothing was seen (to 
remain thereafter). 0 friend, give out quickly the numerical 
measure of that (collection). 

Here ends the Mula variety (of miscellaneous problems on 
fractions). 

The rule relating tcV the Semmuh variety (of miscellaneous 
problems on fractions). 

40. (Take) the square of half (the coefficient) of the square root 
(of the remaining part of tho unknown collective quantity), and 


40. Algebraically, x — bx = ^ + a j ^ From thin the value 

of x is to be found out according, to rule 4 given in this chapter. This value of 
x — bx is obtained easily from the equation x — bx + (c a/ *~~bgTa ) «= 0. 
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combine it with the known number remaining, and (then extract) 
the square root (of this sum, and make that square root become) 
combined with half of the previously mentioned (coefficient of the) 
square root (of the remaining part of the unknown collective 
quantity). The square of this (last sum) will here he the required 
result, when the remaining part (of the unknown collective quan¬ 
tity) is taken as the original (collective quantity itself). Bat 
when that remaining part (of the unknown collective quantity) 
is treated merely as a part, the rule relating to the b/idga variety 
(of miscellaneous problems on fractions) is to be applied. 

Example* in illustration thereof. 

41. One-third of a herd of elephants and three times the square 
root of the remaining part (of the herd) were seen on a mountain- 
slope ; and in a lake was seen a male elephant along with three 
female elephants (constituting the ultimate remainder). How 
many were the elephants here ? 

42 to 45. In a garden beautified by groves of various kinds of 
trees, in a place free from all living animals, many ascetics were 
seated. Of them the number equivalent to the square root of 
the whole collection were practising yoga at the foot of the trees. 
One-tenth of the remainder, the square root (of the remainder 
after deducting this), £ (of the remainder after deducting this), then 
the square root (of the remainder after deducting this), (of the 
remainder after deducting this), the square root (of the remainder 
after deducting this), \ (of the remainder after deducting this), 
the square root (of the remainder after deducting this), | (of the 
remainder after deducting this), the square root (of the remainder 
after deducting this), % (of the remainder after deducting this), the 
square root (of the remainder after deducting this)-—these parts 
consisted of those who were learned in the teaching of literature, 
in religious law, in logic, and in politics, as also of those who were 
versed in controversy, prosody, astronomy, magic, rhetoric and 
grammar and of those who possessed the powor derived from the 
12 kinds of austerities, as well as of those who possessed an 
intelligent knowledge of the twelve varieties of the anga-sdstra ; and 
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at last 12 ascetics were seen (to remain without being included 
among those mentioned before). 0 (you) excellent ascetic, of 
what numerical value was (this) collection of ascetics ? 

46, Five and one-fourth times the square root (of a herd) of 
elephants are sporting on a mountain slope; $ of the remainder 
sport on the top of the mountain; five times the square root of 
the remainder (after deducting this) sport in a forest of lotuses ; 
and there are 6 elephants then (left) on the bank of a river. 
How many are (all) the elephants here ? 

Here ends the Semmulct variety (of miscellaneous problems 
on fractions). 

The rule relating to the Sewmula variety involving two known 
(quantities constituting the) remainders :— 

47. The (coefficient of the) square root (of the unknown collective 
quantity), and the (final) quantity known (to remain), should 
(both) be divided by the product of the fractional (proportional) 
quantities, as subtracted from one (in each case) ,* then the first 
known quantity should be added to the (other) known quantity 
(treated as above). Thereafter the operation relating to the 
Semmuta variety (of miscellaneous problems on fractions is to be 
adopted). 


47. Algebraically, this rule enables us to arrive at the expressions 

. c an( | + <*j, which are required to 

(1—dj) (X—A,) x dre. (1—6!) (1- fc 2 ) x &o. 

be substituted for c and a respectively in the formula for Bvfamttta, which is 

_ z C_ rjc\2 ■) 2 

1 2 + \ ("2 I +a j . In applying this formula the value of b 

becomes zero, as the mala or square root involved in the dvirayra -s "fiamtila 
is that of the total collective quantity and not of a fractional part of that 

quantity. Substituting as desired, we get # ==• £ 6j ) + 

”c \ 2 « 2 1 ® 

^ 2 (1 i~ b$j x &c.J + (1 - ^ + a * * ' This result 

may easily be obtained from the equation x — <*j — b 2 (x — a,) — b s —* 6i 

(x — a j) | — . . . • — c A/ x — a 2 = 0, where6 S , &c,, are, the various 

fractional parts of the successive remainders ; and a* and a 2 are the first known 
quantity and ibe final known quantity respectively. 


V(. 
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Examples in illustration thereof . 

48. A single bee (out of a swarm of bees) was seen in the sky ; 
l of the remainder (of the swarm), and of the remainder (left 
thereafter), and (again) % of the remainder (left thereafter), and 
(a number of bees equal to) the square rcot (of the numereial 
value of the swarm, were seen) in lotuses ; and two (bees re¬ 
maining at last were seen) on a mango tree. How many are 
those (bees in the swarm) ? 

49. Four (out of a collection of) lions wore seen on a mountain ; 
and fractional parts commencing with | and ending with \ of the 
successive remainders (of the collection), and (lions equivalent in 
number to) twice the square root (of the numerical value of the 
collection), as also (thp finally remaining) four (lions), wore seen in 
a forest. How many are those (lions in the collection) P 

50. (Out of a herd of deer) two pairs of young female deer' 
were seen in a forest; fractional parts commencing with \ and 
ending with | of the (successive) remainders (of the herd were 
seen) near a mountain ; (a number) of them (equivalent to) 
3 times the square root (of the numerical value of the herd) were 
seen in an extensive paddy field; and (ultimately) only ten 
remained on the bank of a lotus-lake. What is the (numerical) 
measure of the herd ? 

Thus ends the J§e$amula variety involving two known 
quantities. 

The rule relating to the AmsamBla variety (of miscellaneous 
problems on fractions). 

51. Write down (the coefficient of) the square root (of the 
given fraction of the unknown collective quantity) and the known 
quantity (ultimately remaining, both of these) having boen 


50. The word haririi occurring in this stanza not only means ‘ a female deer ’ 
but is also the name of the metre in which, the stanza is composed. 

51. Algebraically stated, this rule helps us to arrive at cb and ab, which are 
required to be substituted for c and b respectively in the formula x — bx = 

£ ~ + yy/ ) 2 ta j , as iu the $ samiVci variety. As pointed out in the note 
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multiplied by the (given proportional) fraction; then that result 
which is arrived at by moans of tho operation of finding out (the 
unknown quantity) in the SesamTda variety (of miscellaneous 
problems on fractions), when divided by the (given proportional) 
fraction, becomes the required quantity in the Ainmmida variety 
(of miscellaneous problems on fractious). 

Another rule relating to the AmSamuM variety. 

52. The known quantity given as the (ultimate) remainder is 
divided by tbe (given proportional) fraction and multiplied by 
four; to this the square (of the coefficient) of the square root (of 
the given fraction, of the unknown collective quantity) is added ; 
then the square root (of this sum), combined with (the above 
mentioned coefficient of) the square root (of the fractional unknown 
quantity), and (then) halved, and (then) squared, and (then) 
multiplied by the (given proportional) fraction, becomes the 
required result. 

Examples in illustration thereof . 

53* Eight times the square root of 4 part of the stalk of a lotus 
is within water, and 16 ahgulas (thereof are) in the air (above 
water); give out the height of the water (above the bed) as well 
as of the stalk (of the lotus). 

54 _ 55 , (Out of a herd of elephants), nine times the square 
root of 4 part °f their number, and six times the square root of $ 
of the remainder (left thereafter), and (finally) 24 (remaining) 
elephants with their broad temples wetted with the stream of the 
exuding ichor, were seen by me in a forest. How many are 
(all) the elephants ? 


under stanza 47, x — bx becomes x here also. After substituting as desired, and 
dividing tbe resalt by h, we get x =? £ ~ + ab | b. This value of 

x may be easily arrived at from the equation x — c \J b.v- 


: 0 . 


r c , 

52. Algebraicallv stated, x =«{ 


\/ c2 + 


2 J 

the equation given in the note under the previous stanza. 


4 a) 2 

b j, x 6. This is obvious from 








# i *.'$$■ 
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56. Four times the square root of \ the number cf a collection 
of boars went to a forest wherein tigers were at play ; 8 times the 
square root of ^ of the remainder (of the collection) went to a 
mountain; and 9 times the square root of \ of the (further) 
remainder (left thereafter) went to the bank of a river ; and boars 
equivalent in (numerical) measure to 56 were seen (ultimately) to 
remain (where they were) in the forest. Give out the (numerical) 
measure of (all) those (boars). 

Thus ends the AmamUfa variety. 

The rule relating to the fihdyasamvmvja variety (of miscel¬ 
laneous problems on fractions) :— 

57. From the (simplified) denominator (of the specified 
compound fractional part of the unknown collective quantity), 
divided by its own (related) numerator (also simplified), subtract 
four times the given known part (of the quantity), then multiply 
this (resulting difference! by that same (simplified) denominator 
(dealt with as above). The square root (of this product) is to bo 
added to as well as subtracted from that (same) denominator (so 
dealt with); (then) the half (of either) of those (two quantities 
resulting as sum or difference is the unknown) collective quan¬ 
tity (required to be found out). 

Examples in illustration thereof. 

58. A cultivator obtained (first) | of a heap of paddy as mul¬ 
tiplied by -fa (of that same heap); and (thenJ*he had 24 vdkas 
(left in addition). Give out what the measure of the heap is. 

59. One-sixteenth part of a collection of peacocks as multiplied 
by itself, (i.e., by the same rV part of the collection), was found 

50, The word idrdulavikrufita in this stanza means * tigers at play,’ and 
at the same lime happens to be the name of the metre in which the stanza is 
composed. _ 

57. Algebraically stated x -- —and this value of x may 

easily be obtained from the equation x~~ x * — # ~ rt=== o where— and are 

n q ’ n <\ 

the fractions contemplated in the rule. 


11 
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on a. mango tree ; £ of the remainder as multiplied by that same 
($ part of that same remainder), as also (the remaining) fourteen 
(peacocks) were found in a grove of tamdla trees. How many are 
they (in all) ? 

60. Gne-twolffch part of a pillar, as multiplied by -J- 0 - part 
thereof, was to bo found under water; ^ of the remainder, as 
multiplied by thereof, was found (buried) in the mire (below); 
and 20 hastas of the pillar were found in the air (above the water). 
O friend, you give out the measure of the length of the pillar. 

Here ends the Bhagasamvarga variety. 

The rule relating to the Athsavarga variety (of miscellaneous 
problems on fractions), characterised by the subtraction or addition 
(of known quantities):— 

61. (Take) the half of the denominator (of the specified frac¬ 
tional part of the unknown collective quantity), as divided by its 
own (related) numerator, and as increased or diminished by the 
(given) known quantity which is subtracted from or added to 
(the specified fractional part of the unknown collective quantity). 
The square root of the square of this (resulting quantity), as 
diminished by the square of (the above known) quantity 
to be subtracted or „to be added and (also) by the known 
remainder (of the collective quantity), when added to or sub¬ 
tracted from the square root (of the square quantity mentioned 
above) and then divided by the (specified) fractional part (of the 
unknown collective quantity), gives the (required) value (of the 
unknown collective quantity). 

Examples of the minus variety. 

62. (A. number) of buffaloes (equivalent to) the square of | 
(of the whole herd) minus 1 is sporting in the forest. The 

61. Algebraically, 



(£ ± *) H 


2.. This value 
n 


is obtained from the equation x —- 
given known quantity. 



• s fV) 


2 
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(remaining) 15 (of them) are seen grazing grass on a mountain. 
How many are they (in all) ? 

63. (A number) of elephants (equivalent to) T *o of the herd 
minus 2, as multiplied by that same ( T V of the herd minus 2), 
is found playing in a forest of sallaM trees* The (remaining) 
elephants of the herd measurable in number by the square of 6 
are moving on a mountain> How many (together) are (all) 
these elephants here ? 

An example of the plus variety. 

64. (A number of peacocks equivalent to) 0 .f their whole 
collection plus 2 , multiplied by that same of the collection 
plus 2), are playing on a fdrnbn tree. The other (remaining) 
proud peacocks (of the collection), numbering 2 2 x 5, are playing 
on a mango tree. 0 friend, give out the numerical measure of 
(all) these (peacocks in the collection). 

Here ends the Anmivarga variety characterised by plus or 
minus quantities. 

The rule relating to the Mulamura variety (of miscellaneous 
problems on fractions). 

65. To the square of the (known) combined sum (of the square 
roots of the specified unknown quantities), the (given) minus 
quantity is added, or the (given) plus quantity is subtracted 
(therefrom) ; (then) the quantity (thus resulting) is divided by 
twice the combined sum (referred to above); (this) when squared 
gives rise to the required value (of the unknown collection). In 
relation to the working out of the Mulamisra variety of problems, 
this is the rule of operation. 


04. The word mattamayura occurring* in the stanza means ‘ a proud peacock * 
and is also the name of the metre in which the stanza is oompOBcd. 

( m z qp /jj I 2 

--J . This is easily derived, from tho equa¬ 
tion *]st +• V a i d = m. The quantity m is here the known combined sum 
mentioned in the rule. 
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Examples of the minus variety. 

66. On adding together (a number of pigeons equivalent to) 
the square root of the (whole) collection of pigeons and (another 
number equivalent to) the square root of the (whole) collection as 
diminished by 12, (exactly) 6 pigeons are seen (to be the result). 
What is (the numerical value of) that collection (of pigeons) ? 

67. The sum of two (quantities, which are respectively 
equivalent to the) square roots of the (whole) collection of pigeons 
and of (that same) collection as diminished by the cube of 4, 
amounts to 16. How many are the birds in that collection P 

An example of the plus variety . 

68. The spm of the two (quantities, which are respectively 
equivalent to the) square root (of the numerical value) of a collec¬ 
tion of superior swans and (the square root of that same collection) 
a* combined with 68, amounts to 6 2 — 2. Give out how many 
swans there are in that collection. 

Here ends the MulamUra variety. 

The rule relating to the Bhinnadr^yrt variety (of miscellaneous 
problems on fractions) :— 

69. When one, diminished by the (given) fractional remainder 
(related to the unknown quantity), is divided bv the product of 
the (specified) fractional parts (related thereto), the result which 
is (thus) arrived at becomes the (required) answer in working out 
the Bhinnadrsya variety (of problems on fractions). 

Examples in illustration thereof. 

70. One-eighth part of a pillar, as multiplied by the part 
(of that same pillar), was found (to be buried) in the sands ; | of 
the pillar was visible (above). Say how much the (vertically 
measured) length of the pillar is. 


09. Algebraically stated, x == ( ] _!j 4- This is Obvious from the 

\ sj nq 

m p r * 

equation* — —. m x ^ x — = 
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71. (Elephants equivalent in number to) fa part of the 
whole herd of elephants, as multiplied bv } (of that same herd) 
as divided by 2, are in a happy condition on a plain. The remain- 
ing (ones forming/ } (of the herd), resembling exceedingly dark 
masses of clouds in form, are playing on a mountain. O friend, 
you tell me now the numerical measure of fhe herd of elephants. 

72. (Ascetics equivalent in number to) fa part of a collection 
of ascetics, as divided by 3 and as multiplied by that same 
(-fa part divided by 3), are living in the interior of a forest; (the 
remaining ones forming) \ part (of that collection) are living 
on a mountain: 0 you, who have crossed over to the other shore 
of the ocean-like miscellaneous problems on fractions, toll me 
quickly the (numerical) value of that (collection of ascetics). 

Here ends the Bhinnadriya variety. 

Thus ends the third subject of treatment known as 
pvakwnuka in Sarasangraha which is a work on 
arithmetic by Mahaviracarya. 

71. The word j jrthvi occurring in this stanza means ‘ the earth 1 , and is also 
the name of the metre ir» which the stanza is composed. 
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CHAPTER V. 

RULE-OF-THREE. 

The fourth subject of treatment. 

1. Salutation to that blessed Vardhamana, who is like a 
(helpful) relation to (all) the three worlds, and is (resplendent) 
like the sun in the matter of absolute knowledge, and has cast off 
(the taint of) all the harmas. 

Next we shall expound the fourth subject of treatment, viz., 
rule-of-three. 

The rule of operation in respect thereof is as follows :— 

2. Here, in the rule-of-three, Phala multiplied by Icchd and 
divided by Pramana, becomes the (required) answer, when the 
Iccha and the Pramana are similar, (i.e., in direct proportion); and 
in the ease of this (proportion) being inverse, this operation 
(involving multiplication and division) is reversed, (so as to have 
division in the place of multiplication and multiplication in the 
place of division). 

Examples relating to the former half of the above rule , i.e., 
on the direct rule-of-three. 

’i. The man who in days goes over of yojanas —give out 
what (distance) he (goes over) in a year and a day. 

4. A lame man walks over } of a krom together with £ (there¬ 
of) in 7*- days. Say what (distance) ho (goes over) in 3‘ years 
(at this rate). 

n. A worm goes in ^ of a day over f of an cingula. Xn how many 
days will it reach the top of the Men mountain from its bottom ? 

C). 1'he man who in 3J days uses up 1) kdrmpanas— in what 
time (will) he (use up) 100 pur mas along with 1 pana ? 


2. Pramana and Phala togothor give the rate, in which Phala is a quantity 
oi the same kind as the required answer and Pramana is of the same kind as Iccha. 
This Icchd is the quantity about which something is required to be found oat at 
the given rate. For inslance in the problem in stanaa 3 here, 3J days is the 
Pramana, 6$ yojanas is the Phala, and 1 year and 1 day is the Icchd. 

a. The height of the Mer% mountain is supposed to be 99,000 yojanas or 
76,032,000,000 ahgulas, 
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7. A good piece of krsndgaru , 12 hastdi in length and ?> hast as 
in diameter, is consumed (at the rate of) J cubic cingula a day. 
What is the time required for the (complete) consumption of this 
cylinder P 

S. (If) a taha of very superior black gram, along with 1 drona, 
l ddhaka and 1 kvdava (thereof), has been purchased by moans of 
warms, what measure (may wo purchase of it) by means of 
100| warms ? 

9. Where 1| pala of kunkuma is obtainable by means of S| 
purdnas, what measure (of it) may (we obtain) there by means 
of 100 purdnas ? 

10. By means of 7| pahs of ginger, 13| panas were obtained ; 
say, 0 friend, what (may be obtained) in return for 32| pahs 
of ginger ? 

obtains 16| palas of 
silver; what (weight does he obtain thereof) by means of 10,000 
karsas ? 

12. By means of 7f pahs of camphor, a man obtains 5 dmdras 
along with 1 bhdga , 1 amsa and 1 kald. What (does he obtain) 
here by means of 1,000 palas (thereof) ? 

13. The man who purchases here 5} palas of ghee by means 
of 3| punas —what (measure of it does he purchase) by means of 
100| karsas ? 

14. By means of 5£ purdnas , 16| pairs of cloths were obtained. 
0 friend, say what (number of them may be obtained) by means 
of 61 karsas ? 

15-16. There is a square well without water, (cubieally) 
measuring 512 hastas. A hill rises on its bank; from the top 


a man 


7. Here the process of finding out, from the given diameter, the area of the 
cross-section of a cylinder is supposed to be known. This is given in the sixth 
Vyavahdra, in the 19th stanza, where the area of a circle is said to be approxi¬ 
mately equal to the diameter squared and then divided by 4 and multiplied by 3. 

Kfspagaru is a kind of fragrant wood burnt in fire as incense. 

15-1G. In this problem, the stream of water is as long as tho mountain 
is high, so that as soon as it reaches the bottom of the mountain, it is supposed 
to cease to flow at the summit. For finding out the quantity of water in Vdhas\ 
etc., the relation between cubical measure and liquid measure should have been 
given. The Sanskrit commentary in P and tho Kanarese filed in B state that 
1 cubic angula of water is equal to 1 larsa thereof in liquid measure. 
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* 

thereof flows $own, (to the bottom) a crystal-clear stream of water 
having 1 cingula for the diameter of its circular section, and the 
well becomes quite tilled with water within. What is the height 
of the bill, and (what) the numerical value (of the liquid-measure) 
of water ? 

17. A king gave, on (the occasion of) the sahkrdnti , to. 6 
Brahmins, 2 dronas of kidney-bean, 9 kudabas of ghee, 6 dronas of 
rice, 8 pairs of cloths, 6 cows with calves and 3 warms. G-ivc 
out quickly, 0 friend, what (the measure) is (of) the kidney-bean 
and the other tilings given by him (at that rate) to 336 Brahmins. 

Here ends the (direct) rule-of-three. 

Examples on inverse rule-of-three as explained in the fourth pdda * 
(of the ride given above). 

18. How much is the gold of 9 varnas for 90 of pure gold, as 
also for 100 gold (Dharanas) along with a gunja thereof made up 
of gold of 10 - varnas ? 

19. There are 300 pieces of China silk of 6 hastas in breadth 
as well as in length; give out, 0 you who know the method of 
inverse proportion, how many pioces (of that same silk) there are 
(in them, each) measuring 5 by 3 hastas, 

Here ends the inverse rule-of-three. 

An example on inverse double rule-of-three. 

20. Say how many pieces of that famous clothing, each 
measuring 2 hastas in breadth and 3 hastas in length, are to be 
found in 70 (pieces) of China silk, (each) measuring 5 hastas in 
breadth and 9 hastas in length. 

An example on inverse treble rule-of-three. 

21. Say how many images of Tirthahkaras , (each) measuring 
2 by 6 by 1 hastas , there may be in a big gem, which is 4 hastas 
in breadth, 9 hastas in length and 8 hastas in height. 


3:7. Sankrdnti is the passing© of the sun from one zodiacal sign to another. 

18. Pure gold is here taken to be of 16 varnas. 

* The reference here is to the fourth quarter of the second stanza in this 
chapter. 
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An example on inverse quadruple rule-of-three, 

22. There is a block of stone (suited for building purposes), 
which measures 6 hast as in breadth, 30 hasicts in length and 8 
hastas in height, and (it is) 9 in worth. By means of this (given 
in exchange), how many (blocks) of such stone, fit to be used in 
building a Jina temple, (may be obtained, each) measuring 2 by 
0 by 1 (hernias) , and being 5 in worth ? 

Thus ends the inverse double, treble and quadruple rule-of- 
three. 

The rule in regard to (problems bearing on associated) forward 
and backward movement. 

23- Write down the net daily movement, as derived from the 
difference of (the given rates of) forward and backward movements, 
each (of those rates) being (first) divided by its own (specified) 
time; and then in relation to this (net daily movement), carry 
out the operation of the rule-of-three. 

Examples in illustration thereof, 

24- 25. In the course of | of a day, a ship goes over of a 
kroia in the ocean; being opposed by the wind she goes back 
(during the same time) £ of a krosa, Give out, 0 you who have 
powerful arms in crossing over the ocean of numbers well, in what 
time that (ship) will have gone over 99§ yojanas. 

26. A man earning (at the rate of) 1$ of a gold coin in 
days, spends in 4£ days J of the gold coin as also } of that (|) 
itself ; by what time will he own 70 (of those gold coins as his net 
earnings) ? 

27. That excellent elephant, which, with temples that are 
attacked by the feet of bees greedy of the (flowing) ichor, goes 
over ^ as well as of a yojana in days, and moves back in 3£ 
days over $ of a krasa : say in wbat time he will have gone over 
(a net distance of) 100 yojanas less by £ krofa. 

28-30. A well completely filled with water is 10 dandas in 
depth ; a lotus sprouting up therein grows from the bottom 

&8-30, The ‘depth’ of the well is mentioned) in the original as ‘height* 
measured from the bottom of it. 


12 
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(at the rate of) angulas in a day and half; the water (thereof) 
flows out through a pump (at the rate of) 2£ angulas (of the well 
in depth) in 1 £ days ; angulas of water (in depth) are lost in a 
day by evaporation owing to the (heating) rays of the sun; a 
tortoise below pulls down 5-J- angulas of the stalk of the lotus 
plant in 3-J- days. By what time will the lotus be on the same 
level with the water (in the well) ? 

31. A powerful unvanquished excellent black snake, which is 
32 hastas in length, enters into a hole (at the rate of) angulas 
in T \ of a day ; and in the course of ^ of a day its tail grows by 
2f of an angula . 0 ornament of arithmeticians, tell me by what 

time this same (serpent) enters fully into the hole. 

Thus end the (problems hearing on associated) forward and 
backward movements. 

The rule of operation relating to double, treble and quadruple 
rule-of-three. 

32. Transpose the Phala from its own plaoe to the other place 
(wherein a similar concrete quantity would occur); (then, for the 
purpose of arriving at the required result), the row consisting of 
the larger number (of different quantities) should be, (after they 
are all multiplied together), divided by the row consisting of the 


32. The transference of the Phala and the other operations herein mentioned 
will be clear from the following worked out example. 

The data in the problem in stanza No. 36 are to be first represented thus 


9 Mdntis. 

3 Y of anas. 
60 Pan as. 


1 Vdha -f 1 Kumbhg. 
10 Yof anas. 


When the Phala here, viz., GO pan as, is transferred to the other row we have— 
9 Mdnts. 1 Vdha + 1 Kumbha = 1J Vdha. 

3 Ydjanas. 10 Yojanas. 

60 Panas. , 

Now the right hand row, consisting of a larger number of different quantities, 
should be, after they are all. multiplied together, divided by the smaller .left 
hand row similarly dealt with. 

Then we have 

1} x 10 x 60 
9x3 

The result here gives the number of panas to be found out. 
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smaller number (of different quantities, after these are also 
similarly thrown together and multiplied); but in the matter of 
the buying and selling of living animals (the transposition is to 
take place) only (in relation to the numbers representing) them. 


Examples in illustration thereof . 

33. At the rate of 2, 3 and 4 per cent, (per month), 50, 60 
and 70 Purdnas were (respectively) put to interest by a person 
desiring profit. How much interest does he obtain in ten 
months ? 

34. The interest on 80]- gold coins for -$• of a month is If. 
How much (will it be) on 90f gold coins for 5-| months? 

35. He who obtains 20 gems in return for 100 gold pieces of 16 
varnas —what (will he obtain) in return for 288 gold pieces of 
10 varnas ? 

36. A man, by carrying 9 manis of wheat over 3 yojanas , 
obtained 60 panas . How much (would he obtain) by carrying 
one kumbhd along with one vdha (thereof) over 10 yojanas ? 


Examples on barter , 

37. A man obtains 3 karsas of musk for i 0 gold coins and 
2 harms of camphor for 8 gold coins. How many (karsas of 
camphor does he obtain) in return for 300 karsas of musk ? 

38. In return for 8 (md$as in weight of silver;, a man 
obtains 60 jack fruits; and in return for 10 mdsas (in weight of 
silver he obtains) 80 pomegranates. How many pomegranates 
(does he obtain) in return for 900 jack fruits ? 


Examples of {problems bearing on) the buying and selling 
of animals. 

39. Twenty horses, (each) of 16 years (of age), are worth 
100,000 gold coins. O leading arithmetician, say how much 70 
horses, (each) of 10 years (of age), will he (worth) at this (rate). 

40. Three hundred gold coins form the price of 9 damsels, 
(each) of 10 years (of age). What is the price of 36 damsels, (each) 
of 16 years (of age) ? 
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41. What is the interest for 10 months on 90, invested at tho 
rate of 6 per 100 (per month) ? O you, who are a mirror to the 
face,of arithmeticians, say, with the aid of the two (other requisite) 
known quantities, what the time in relation to that (interest) is, 
and what the capital is (in relation to that interest and time). 

An example on treble rule-of-three* 

42. Two pieces of sandal-wood, measuring 3 and 4 hastas in 
diameter and length respectively, are worth 8 gold coins. At this 
(rate) how much will he the worth of 14 (pieces of sandal-wood, 
each) measuring 6 and 9 hastas in diameter and length (respect¬ 
ively) ? 

Thus ends treble rule-of-three. 


An example on quadruple rule-of-three . 

43. A household well, measuring 5, 8 and 3 hastas in breadth, 
length and height (from the bottom, respectively), contain 6 vdhas 
of water; 0 yon, who are learned, give out how much (water) 9 
wells, (each being) 7 hastas in breadth, 60 in length and 5 in 
height (from the bottom, will contain). 

Thus ends the fourth subject of treatment known 
as Rule-of-three in Sarasahgraha which is a work on 
arithmetic by Mahaviracarya. 


43. The word salirit ocoprring in this stanza indicates the name of the metre 
in which the stanza is composed, at the same time that it means ‘ belonging to a 
house. * 
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CHAPTER VI 


MIXED PROBLEMS. 

The Fifth Subject of Treatment, 

1. For attaining the supreme good, we worshipfully salute the 
holy Jinas, who are in possession of the fourfold infinite attributes, 
who are the makers of tirthas, who have attained self-conquest, are 
pure, are honoured in all the three worlds and are also excellent 
preceptors—the Jinas whodiave gone over to the (other) shore of 
the ocean of the Jaina doctrines, and are the guides and teachers 
of (all) born boings, and who, being the abode of all good 
qualities, are good in themselves and do good to others. 

Hereafter we shall expound the fifth subject of treatment 
known as mixed problems. It is as follows :— 

Statement of the meaning of the technical terms sankramana 
and vi§ama-sankramana :— 

2. Those who have gone to the end of the ocean of calculation 
say that the halving of the sum and of the difference (of any two 
quantities) is (known as) sankramana , and that the sankramana of 
two quantities which are (respectively) the divisor and the quotient 
is that which is vimna (/.e., visama-sankramana). 

Examples in illustration thereof. 

3. What is the sankramana where the number 12 (is associated) 
with 2; and what is the divisional visama-sahkramana of that 
(same) number (12 in relation to 2) ? 


1 Tirtlia is interpreted to mean a ford intended to cross the riyerof mnndar.e 
existence which is subject to karma and reincarnation. The Jinas are conceived 
to be capable of enabling the souls of men to get out of the stream »f samsdra 
or the recurring cycle of embodied existence. The Jinas are therefore called 
tirthanTcaras. 

2. Algebraioally the sankramana of any two quantities a and b is firding 
out a ~ and °~ ~ ~i their vnama-sankramana is arriving at u + b ^ ^ 




<SL 

Double Kule-of-three. 

Tho rule for arriving at (the value of) the interest which 
(operation) is of the nature of double rule-of-three :— 

4. The number representing the Icehd, i.e., the amount the 
interest whereon is desired to be found out, is multiplied by the 
time connected with itself and is then multiplied by (the number 
representing) the (given) rate of interest for the given capital 
(then the resulting product) is divided by the time and the capital 
quantity (connected with the rate of interest); this (quotient) is, 
in arithmetic, the interest of the desired amount. 

Examples in illustration thereof. 

5. Purarias, 50, 60, and 70 (in amount) were lent out on 
interest at the rate of 3, 5 and 6 per cent (per mensem respect¬ 
ively) ; what is the interest, for 6 months ? 

6. (A sum of) 30 karmpanas and 8 panas wore lent out on 
interest at the rate of 7.) per cent (per month); what is the 
interest produced in exactly 7-| months ? 

7. The interest on 60 for 2 months is seen to be 5 pur anas 
with 3 panas; what Would be the interest on 100 for 1 year ? 

8. The interest for 1 month and a half on lending out 150 
is 15. What would be the interest obtained at this rate on 300 
for 10 months P 

9. A merchant lent out 63 karmpanas at the rate of 8 for 108 
(per month). What (is the interest) for 7£ mouths ? 

The rule for finding out the capital lent out : — 

10. The capital quantity (involved in the rate of interest) is 
multiplied by the time connected with itself and is then divided 


4. Symbolically i - —where T, C and I are respectively the time, 

capital and interest of the prarndpa or the rate, and t, c and i are respectively 
the time, capital and interest of the icehd. For an explanation of pramdna t 
icehd, &c.y see note under Ch. V. 2, 

5. Unless otherwise mentioned, the rate of interest is for 1 month. 

10. Symbolically ———L = c . 
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by the interest connected with itself. (Then) this (quotient) has 
to be divided by the time connected with the capital lent out; 
(this last) quotient when multiplied by the interest (that has 
accrued) becomes the capital giving rise to that (interest). 

Examples in illustration thereof, 

11. In lending out at the rate of per cent (per mensem) , a 
month and a half (is the time for which interest has accrued), and 
a certain person thus obtains 5 pur anas as the interest. Tell me 
what the capital is in relation to that (interest). 

12. The interest on 70 for months is exactly 2J. When 
the interest is 2-J for ll s months what is the capital lent out? 

13. In lending out at the rates of 3, 5 and 6 per cent (per 
mensem), the interest has so acorued in 6 months as to be 9, 18 
and 25£ (respectively); what are the capital amounts lent out? 

The rule for finding out the time (during which interest 
has accrued) :— 

14. Take the capital amount (involved in the given rate of 
interest) as multiplied by the time (connected therewith) ; then 
cause this to be divided by its own (connected) rate-interest and 
by the capital lent out; then this (quotient) here is multiplied by 
the interest that has accrued on the capital lent out. Wise men 
say that the resulting (product) is the time (for which the interest 
has accrued). 

Examples in illustration thereof. 

15. 0 friend, mention, after calculating the time, by what 
time 28 will be obtained as interest on 80, lent out at the rate of 
3| per cent (per mensem). 

16. The capital amount lent out at the rate of 20 per 600 (per 
mensem) is 420. The interest also is 84. O friend, you tell 
me quickly the time (for which the interest has accrued). 


„, _ , „ <7xTx* 

14, Symbolically, —~— = t. 
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17. It is 96 that is lent out at the Tate of 6 per cent (per 
mensem); the interest thereon is seen to be 57f. What is the 
time (for which interest has accrued)? 

The rule regarding barter or exchange of commodities :— 

18. Ihe quantity of the commodity taken in exchange is 
divided by its own price as well as by the quantity of the commo¬ 
dity given in exchange. (It is then) multiplied by the price 
of the commodity given in exchange, and thereafter multiplied 
by the quantity of the commodity intended to be exchanged. This 
(resulting) product is the required quantity corresponding to the 
prices of the commodity given in exchange as well as of the 
commodity taken in exchange. 

An example in illustration thereof . 

19 and 20. Palas 8 of dried ginger were purchased for 61 
panas and palas 5 of long pepper for 8| panas . Think out and 
tell me quickly, 0 you who know arithmetic, how many palas 
of long pepper have been purchased by oue (at the above rate) by 
means of 80 palas of dried ginger. 

Tims end the problems on double mle-of-three in this chapter 
on mixed problems. 


Problems bearing on interest. 

Next, in the chapter on mixed problems, we shall expound 
problems bearing on interest. 

The rule for the separation of the capital and interest from 
their mixed sum :— 

21. The result arrived at by carrying out the operation of 
division in relation to the given mixed sum of capital and interest 


21. Symbolically, c = 


1 + 


lx*xl 

TxC 


, where m = c + i \ benoe i = m — c. 
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by means of one, to which the interest thereon, for the (given) time 
is added, (happens to be the required) capital; and the interest 
required is the combin<3d sum minus this oapital. 

An example in illustration thereof. 

22. If one lends out money at the rate of 5 per cent (per 
month), the combined sum of interest and capital becomes 48 
in 12 months. What are the capital and the interest therein P 

Again another rule for the separation of the capital and the 
interest from their combined sum :— 

23. The product of the given time and the rate-interest, 
divided by the rate-time and the rate-capital and then combined 
with one, is the divisor of the combined sum of the capital and 
interest; the resulting quotient has to be understood as the 
(required) capital. 

An example in illustration thereof. 

24. Having given out on interest some money at the rate of 

per cent (per mensem), one obtains 33 in 4 months as 

the combined sum (of the capital and the interest). What may 
be the capital (therein) ? 

The rule for the separation of the time and. the interest from 
their combined sum :— 

25. Take the rate-capital multiplied by the rate-time and 
divided by the rate-interest and by the given capital, and then 
combine this (resulting quantity) with one; then tho quotient 
obtained by dividiug the combined sum (of the time and interest) 
by this (resulting sum) indeed becomes the (required) interest. 

T&xamples in illustration thereof. 

26. Money amounting to 60 exactly was lent out at the rate 
of 5 per cent (per month) hy one desirous of obtaining interest. 

23. Symbolically c = m -f* | 'f'xG + * } * ^ * s evident that this is very 

much the same as the formula given under 21. 

r C x T -» 

25. Symbolically i ~ m j + 1 J = i, where m s= % + t. 

13 
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The time (for which the interest has accrued) combined with the 
interest therefor is 20. What is the time here ? 

27. The capital put to interest at the rate of 1^ per 70| (per 
mensem) is 705. The mixed sum of its time and interest is 80. 
(What is the value of the time and of the interest ?) 

28. The capital put to interest at the rate of per 80 for 

months is 400, and the mixed sum of time and interest is 36. 

(What is the time and what the interest ?) 

The rule for arriving at the separation of the capital and the 
time of interest from their mixed sum :— 

29. Prom the square of the given mixed sum (of the capital 
and the time), the rate-capital divided by its rate-interest and 
multiplied by the rate-time and by four times the given interest 
is to be subtracted. The square root of this (resulting remainder) 
is then used in relation to the given mixed sum so as to carry out 
the process of mhkramana. 

Examples in illustration thereof . 

30. This, viz., 4 Puranas is the interest on 70 (per month). The 
interest (obtained on the whole) is 25. The mixed sum (of the 
capital used and the time of interest) is 45|. What is the capital 
lent out ? 

31. By lending out what capital for what time at the rate of 3 
per 60 (per mensem) would a man obtain 18 as interest, 66 being 
the mixed sum of that time and that capital P 

32. It has been ascertained that the interest for months on 
60 is only 2^-. The interest here (in the given instance) is 24, and 


s/>*~ 

29. Symbolically, ——*—— si- - = c or t as the case may be, 

2 

whore m == c + t. 

The value of the quantity under the root, as given in the rule, is (c— t) z j 
and the square root of this and the misra hare the operation of sanlcramana 
performed in relation to them. 

For the explanation of sankmmana see Ch. VI. 2. 
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60 is (the value of) the time combined with the capital lent out. 
(What is the time and what the capital ?) 

The rule for arriving at the separation of the rate-interest and 
the required time from their sum :— 

33. The rate-capital is multiplied by its own rate-time, by the 
given interest and by four, and is then divided by the other 
(that is, the given) capital. The square root of the remainder 
(obtained by subtracting this resulting quotient) from the square 
of the given mixed sum is then used in relation to the mixed stun 
so as to carry out the process of sahkramana. 

An example, in illustration thereof. 

34. The mixed sum of the rate-interest aud of the time (for 
which interest has accrued) at the rate of the quantity to be found 
out per 100 per month and a half is I2|, the capital lent out 
heing 30 and the interest accruing thereon being 5. (What is 
the rate of interest and what the time for which it has accrued ?) 

The rule for arriving separately at the capital, time, and the 
interest from their mixed sum :— 

35. Any (optionally chosen) quantity subtracted from the given 
mixed sum may happen to be the time required. By means of the 
interest on one for that same time, to which interest one is added, 
(the quantity remaining after the optionally chosen time is sub¬ 
tracted from the given mixed sum) is to be divided. (The 
resulting quotient) is the required capital. The mixed sum 
diminished by its own corresponding time and capital becomes 
the (required) interest. 

An example in illustration thereof. 

36. In a loan transaction at the rate of 5 per cent (per monsem), 
the quantities representing the time, the capital and the interest 

33. Symbolically* /y/ m % — S— - is used with m in oarrying out 

the required sanJcramana , m being equal to I + 1. 

35. Here, of the three unknown quantities, the value of the time is to be 
optionally chosen, and the other two quantities are arrived at in accordance with 
rule in Ch. VI. 21. 
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(connected with the loan) are not known. Their sum however is 
82. What is the capital, what is the time, and what the interest ? 

The rule for arriving separately at the various amounts of 
interest accruing on various capitals for various periods of time 
from the mixed sum of (those) amounts of interest :— 

3?. Let each capital amount, multiplied by the (corresponding) 
time and multiplied (also) by the (given) total (of, the various 
amounts) of interest, he separately divided by the sum of the 
products obtained by multiplying each of the capital amounts by 
its corresponding time, and let the interest (of the capital so dealt 
with) be (thus) declared. 


An example in illustration thereof . 

38. In this (problem), the (given) capitals are 40, 30, 20 and 
50 ; and the months are 5, 4, 3 and 6 (respectively). The sum of 
the amounts of interest is 34. (Find out each of these amounts.) 

The rule for separating the various capital amounts from their 
mixed sum : *— 

39. Let the quantity representing the mixed sum of the various 
capitals lent out be divided by the sum of those (quotients) which 
are obtained by dividing the various amounts of interest by their 
corresponding periods of time, and let the (resulting) quotient be 
multiplied (respectively) by (the various) quotients obtained by 


37. Symbolically, 


c i ti m 


Cj ti + Or, t 2 + C8 tg-t- 


and 


c 2 t. z m 




:i 2 : where m = ii+ i 2 + 18 +. 


d t, + c 2 + Cg tg +. 

, and oj, c 2 , eg, etc., are the various capitals, and ti, t 2 , tg, ©tc., are the various 
periods of time. 

39. Symbolically, —■—?—-— r- -— x " 1 “' c iJ 


ti 


and - 


h 

t 2 

m 


h 

tjr; 


c 2 : 


etc. 


where m = «i + o 2 1 eg -r 
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dividing the various amounts of interest by their corresponding 
periods of time. Thus the various capital amounts happen to be 
found out 

Examples in illustration thereof. 

40. (Sums represented by) 10, 6, 3 and 15 are the (various 
given) amounts of interest, and 5, 4, 3 and 6 are the (correspond¬ 
ing) months (for which those amounts of interest have accrued); 
the mixed sum of the (corresponding) capital amounts is seen 
to be 140. (Find out these capital amounts.) 

41. The (various) amounts of interest are f , 6, 10J, 16 and SO ; 
(the corresponding periods of time are) 5, 6, 7, 8 and 10 months ; 
80 is the mixed sum (of the various capital amounts lent out. 
What are these amounts respectively f) 

The rule for arriving separately at the various periods of time 
from their given mixed sum :— 

42. Let the quantity representing the mixed sum of the 
(various) periods of time bo divided by the sum of those (various 
quotients) obtained by dividing the various amounts of interest by 
their corresponding capital amounts; and (then) let the (result¬ 
ing) quotient be multiplied (separately by each of the above- 
mentioned quotients). (Thus) the (various) periods of time 
happen to be found out. 

An example in illustration thereof . 

43. Here, (in this problem,) the (given) capital amounts are 
40, 30, 20 and 50 ; and 10, 6, 3 and 15 are the (corresponding) 
amounts of interest; 18 is the quantity representing the mixed 
sum of the (respective) periods of time (for which interest has 
accrued. Find out these periods of time separately). 


42. Symbolically,--- m - T -* JL. = t 1} where m = fcj + t* +1 8 + Ac, 

H + + JJL + . Cl 

Cl Cq c% 

JimiJarly t 3> etc., may bo found out. 
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The rule for arriving separately at the rate-interest of the rate- 
capital from the quantity representing the mixed sum obtained 
by adding together the capital amount lent out, which is itself 
equal to the rate-interest, and the interest on such capital lent 
out:— 

44* The rate-capital as multiplied by the rate-time is divided 
by the other time (for which interest has accrued); the square root 
of this (resulting quotient) as multiplied by the (given) mixed 
sum once, and (then) as combined with the square of half of that 
(above-mentioned) quotient, when diminished by the half of this 
(same) quotient, becomes the (required) rate-interest (which is also 
equal to the capital lent ont). 


JUjcamples in illustration thereof. 

45. The rate-interest per 100 per 4 months is unknown. That 
(unknown quantity) is the capital lent out ; this, when combined 
with its own interest, happens to be 12; and 25 months is the time 
for (which) this (interest has accrued. Find out the rate-interest 
equal to the capital lent out). 

46. The rate-interest per 80 per 3 months is unknown ; 7f is 
the mixed sum of that (unknown quantity taken as the) capital lent 
out and of the interest thereon for 1 year. What is the capital 
here and what the interest ? 


The rule for separating the capital, which is of the same value 
in all cases, and the interest (thereon for varying periods of time), 
from their mixed sum :— 

47. Know that, when the difference between (any two of) the 
(given) mixed sums as multiplied by each other’s period * (of 


44, Symbolically, 


47. Symbolically, = c. 

* By “ the period of interest ” here is meant the time for which interest has 
accrued in connection with any of the given mixed sums of capital and interest. 
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interest) is divided by the difference between those periods, what 
happens to be the quotient is the required capital in relation to 
(all) those (given mixed sums). 

Examples in illustration thereof, 

43. The mixed sums are 50, 58 and 66, and the months 
(during which interest has accrued respectively) are 5, 7 and 9. 
Find out what the interest is (in each case). 

49 and 50. 0 arithmetician, a certain man paid out to 4 
persons 30, 81f, 33| and 35, (these) being the mixed sums (of the 
same capital and the interest due thereon) at the end of 3, 4, 5 
and 6 months (respectively). Tell me quickly, what may be the 
capital here ? 

The rule for separating the capital, which is of the same value 
in all cases, and the time (during which interest has accrued), from 
their mixed sum :— 

51. Wise men say that that is the (required) capital, which is 
obtained as the quotient of the difference between (any two of) the 
(given) mixed sums as multiplied by each other's interest, when 
this (difference) is divided by the difference between the (two 
chosen) amounts of interest. 

Examples in illustration thereof . 

52. The (given) mixed sums of the capital and the periods of 

interest are 21, 23 and 25 ; here, (in this problem,) the amounts 
of interest are 6, 10 and 14. What may be the capital of equal 
value here ? * 

53. The (given) mixed sums are 35, 37 and 39 ; and the amounts 
of interest are 20, 23 and 36. (What is the common capital P) 


51. Symbolically, —=■= c, where m i% m Zt etc., are the various misras 
H *-2 

or mixed sums. 
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The rule for arriving at. the capital dealt out at two differont 
rates of interest: — 

51. Let the balance quantity (i.e., the difference between the 
two amounts of interest,) be divided by the difference between 
those (two quantities) which form'the interest on one for the given 
periods of time ; (this quotient) becomes the capital thought of by 
one’s self before. 

Examples in illustration thereof . 

55. Borrowing at the rate of 6 percent, and then lending out 
at the rate of 9 per cent, one obtains in the way of the differential 
gain 81 duly at the end of 3 months. What is the capital 
(utilized here) ? 

56. Borrowed at the rate of 3 per cent per mensem, a certain 
capital amount is put out to interest at the rate of 8 per cent per 
mensem. The differential gain is 80 at the end of 2 months. 
How much is the capital (so used) ? 

The rule for arriving at the time when both capital and interest 
will become paid up (by instalments) :— 

57. The capital lent out is multiplied by its time (of instal¬ 
ment) and is again multiplied by the rate-interest; this product, 
when divided by the rate-capital and the rate-time, becomes the 
interest in relation to the instalment. The capital (in the instal¬ 
ment) and the time (of discharge of the debt are to be made out) 
as before from (this) interest. 

Examples in illustration thereof * 

58. The rate of interest is 5 for 70 per mensem; the (amount of 
the) instalment to be paid is 18 in (every) 2 months; the capital 
lent out is 84. What is the time of discharge ? 


54. Symbolically, 


h v/’ H 


1 x t x X J x _ lx I 2 

1 \ X 0, "fxT 

, cxpxl 

57. Symbolically, — jrV“ ~~p — — interest in the instalment, whore p is the 
time of each instalment. 
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59. The monthly interest on 60 is exactly 5. The capital 
lent out is 35; the (amount of the) instalment (to be paid) is 15 
in (every) 3 months. What is the time (of discharge) of that 
(debt)? 

The rule for separating various capital amounts, on which the 
same interest has accrued, from their mixed sum :— 

60. Let the (given) mixed sum multiplied by the time (given) 
in relation to it be divided by the sum of that quantity, wherein are 
combined the various rate-capitals as multiplied by their respective 
rato- times and as divided by their respective rate-interests. The 
interest (is thus arrived at); and (from this) the capital amounts 
are arrived at as before. 


'Examples in illustration thereof . 


61. The mixed sum (of the capital amounts lent out) at the 
rates of 2, 6 and 4 per cent per mensem is 4,400. Here the 
capital amounts are such as have equal amounts of interest accruing 
after 2 months. What (are the capital amounts lent, and what is 
the equal interest) ? 

62. An amount represented (on the whole) by 1,900 was lent 
out at the rates of 3 per cent, 5 per 70, and 3f per 60 (per mensem); 
the interest (accrued) in 3 months (on the various lout parts of 
this capital amount) is the same (in each case). (What are these 
amounts lent out and what is the interest ?) 

The rule for arriving at the lent oat capital in relation to the 
known time of discharge by instalments:— 

63. Let the amount of the instalment as divided by the time 
thereof and as multiplied by the time of discharge he divided by 

SO. Symbolically, ~jr-= * ; from this, the capitals 


are found out by the rule in Ch. VT. 10. 


1 x t_ x I 
1 + Tx O 

p the time of an instalment, and t = the time of discharge, 



c, where s — amount *of instalment, 


u 











GANITASARASANGRAHA. 


that interest on one for the time of discharge to which one is 
added; the capital lent out is (thus arrived at). 

Examples in illustration thereof. 

64. In accordance with the rate of 5 per cent (per mensem), 2 
months is the time for each instalment; and paying the instalment 
of 8 (on each occasion), a man here became free (from debt.) in 
60 months. What is the capital (borrowed by him) ? 

05. A certain person gives once in 12 days an instalment of 
, the rate of interest being 0 per cent (per mensem). What is 
the capital amount of the debt discharged in 10 months? 

l.he rule for arriving separately at the various capital-amounts 
which, when combined with or diminished by their respective 
interests, are equal to one another, from their mixed sum, (the 
interests being either added to the capital amounts in all the given 
cases or subtracted from them similarly in all the given cases) :— 

66. One is to bo either combined with or diminished by the 
interest (accruing) thereon for the (given) period of time (in each 
case m accordance with the respectively given rate of interest; 
then again in each oase,) one is divided respectively by these 
(combined or diminished quantities arrived at as before). There¬ 
after the (given) mixed sum (of the various capital amounts lent 
out) is divided by the sum of these (resulting quotients), and in 
relation to the mixed sum (so treated) the process of multipli¬ 
cation is to be conducted (separately in each case by multiplying 
it) by (the corresponding) proportionaib part (of the above- 
mentioned sum of the quotients). This gives rise to the capital 


6G. Symbolically, 


y I 1 * t * 1\ i . 1 x ‘ X I. 
A x C, ^ T, X C 2 


+ &o. 1 ± 


Similarly, 


do. 


do. 




1 X t x I, 

T[ x C, 


1 X t X I. 


— C<it 


And »o on for c#, c*, <feo. 


x Cj 
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amounts lent out. which on being combined with or diminished bj 
their respective amounts of interest are equal (in value). 

Examples in illustration thereof\ 

07. The total capital represented by 8,520 is invested (in parts) 
at the (respective) rates of 3, 5 and 8 per cent (per month). 
Then, in this investment, in 5 months the capital amounts lent out 
are, on being diminished by the (respective) amounts of interest, 
(seen to be) equal in value. (What are the respective amounts 
invested thus ?) , 

08. The total capital represented by 4,250 is invested (in parts) 
at the (respective) rates of 3, 6 and 8 for 60 for 2 months ; then, in 
this investment, in 8 months the capital amounts lent out are, on 
being diminished by the (respective) amounts of interest, (seen to 
be) equal in value. (What are the respective amounts invested 
thus ?) 

69. The total capital represented by 13,740 is invested (in parts) 
at the (respective) rates of 2,5 and 9 per cent (per month) ; then, in 
this investment, in 4 months the capital amounts lent out are, on 
being combined with the (respective) amounts of interest, (seen to 
be) equal in value. (What are the respective amounts invested 
thus ?) 

70. The total capital represented by 3,646 is invested (in parts) 
at the (respective) rates of 1 £, £■ and | for 80 (per month); then, in 
this investment, in 8 months (the capital amounts lent out are, on 
being combined with the respective amounts of interest, seen to be 
equal in value. What are the respective amounts invested thus?) 

The rule for arriving at the capital, the interest, and the time 
of discharge (of the debt) in relation to the debt-amount (paid up) 
in instalments in arithmetical progression :— 

71. (The required capital amount in the due debt) is that 
capital amount (which results) by adding the product of the 

71. The rule is very elliptical and will become clear from the following 
working of the example contained in stanzas 72—73$ :— 

Here the v\ula or the maximum available amount of an instalment iy 60 ; this, 
when divided by 7, the amount of the first instalment, gives V' or 8|, of which 




lilliligil 
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optionally chosen (maximum available amount of an instalment) 
by (whatever happens to be) the outstanding' (fractional part of 
the number of terms in the series), to the amount of the (first.) 
instalment as multiplied by the sum of that series in arithmetical 
progression, which has (one for the first term, one for the common 
difference, and has for the number of terms the integral value of) 
tho quotient obtained by dividing (the above optionally chosen 
maximum) amount of debt (discharged at an instalment) by the 
(above amount of the first) instalment. The interest thereon 
is that which accrues for the period of an instalment. The time 
(of an instalment) divided by the amount of the (first) instalment 
and multiplied by the (optionally chosen maximum) amount 
of debt (discharged at an instalment) gives rise to the time (which 
is the time of the discharge of the whole debt). 

Examples in illustration thereof . 

72 and 73|-. A certain man utilised, (for the discharge of a debt) 
bearing interest at 5 per cent (per month), 60 (as the available 
maximum, amount) with 7 as tho first instalment amount, increasing 
it by 7 in successive instalments due every f of a month. He thus 
gave in discharge of the debt the sum of a series in arithmetical 
progression consisting of ~ 6 / terms, and gave also the interest 
accruing on those multiples of 7. What is the debt amount 
corresponding to the sum of the series, what is that interest (which 
he paid), and (what is) the time of dischargo of that debt ? 

73-| t° 76. A certain man utilised for the discharge of a debt, 
bearing interest at 5 per cent (per mensem), 80 (as tho available 
maximum amount) with 8 as the first instalment amount, increasing 
it by 8 in successive instalments due every ^ of a month. He thus 


8 represent* the number of terms of the series in arithmetical progression, 
which has 1 for the first term and 1 for the common difference ; and -} is the 
agra or the outstanding fractional part. The sum of the above-mentioned 
series, vi*., 38, multiplied by 7, the amount of the first instalment, is added to 
tho product of * and 60, which latter is the maximum available amount of an 
instalment. Tims, we get 36 X 7 -f f X CO = which is the required capital 
amount in the due debt. The interest on for $ of a month at the rate of 
6 per cent per mensem will be the interest paid on the whole. The time of 
discharge will he (f *f* 7) X 20 = ^ months. 
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gave in discharge of the debt the sum of a series in arithmetical 
progression consisting of V terms and gave also the interest 
accruing on those multiples of 8. The debt amount (corresponding 
to the sum of the series), the interest (which lie paid), and the 
time of discharge (of that debt)—tell me, friend, after calculating, 
what the (respective) value of these quantities is. 

The rule for arriving at the average common interest :•— 

77 and 771. Divide the sum of the (various accruing) interests 
by the sum of the (various corresponding) interests due for a month ; 
the resulting quotient is the required time. r l he product of the 
(assumed) rate-time and the rate-capital is divided by this required 
time, then multiplied by the sum of the (various accruing) interests 
and then divided again by the Bum of the (various given) capital 
amounts. This gives rise to the (required) rate-interest. 

An example in illustration thereof. 

76$. In this problem, four hundreds were (separately) invested 
at the (respective) rates of 2, 3, 5 and 4 per cent (per mensem) 
for 5, 4, 2 and 3 months (respectively). What is tho average 
common time of investment, and what tho average common rate 
of intern at ? 

Thus end the problems bearing on interest in this chapter on 
mixed problems. 


77 and 77|. The various accruing interests are the various amounts of 
interests accruing on the several amounts at the various rates for their respective 
periods. 

o . ,• f c, X h x I, e- x t 2 X Is * 1 * 

Symbol,call,, . f . ----- + 


T x 0 




T x 0 


and 


T x a 
to 


A J 2 + . , . )= t rt or average time; 

T x C J 

+ + . . .]~ (cj -f c 2 + . . .) 

I 1 x C i 1 x C 1 


i« or average interest. 
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Proportionate Division, 

Hereafter we shall expound in (this) chapter on mixed problems 
the working of propoidionate division :~ 

79]. The operation of proportionate di v ision is that wherein the 
(given) collective quantity * to be divided) is first divided by the 
sum of the numerators of the eommon-denominator-fractions 
(representing the various proportionate parts), the denominators of 
which fractions are struck off out of consideration ; and (then it) 
has to be multiplied (respectively in each case) by (these) propor¬ 
tional numerators. This is called kuitikdra by the learned. 


Examples in illustration thereof . 

80] , Here, (in this problem,) 120 gold pieces are divided among 
4 servants in the (respective) proportional parts of i, i and 

O arithmetician, tell me quickly what they obtained. 

81] . (The sum of) 363 dmdras was divided among five, the 
first one (among them) getting 3 parts, and 3 being the common 
ratio successively (in relation to the shares of the otheis). What 
was the share of each ? 

82] - to 85]-. A certain faithful srdvaka took a number of 
lotus flowers, and going into the Jina temple conducted (therein) 
with devotion the worship of the chief Jinas that were worthy of 
worship. He offered ] part to Vrsabha, ] to worthy ParSva, 
and T V to Jinapati, and ] to sago Suvrata; he dovotedly gave £ 
to Amtaudmi who destroyed all the eight kinds qf karmas&nd who 
was beloved by the world; and ] of ] to Jinasanti: 480 lotuses 
were brought (for this purpose.) By adopting the operation known 


79 $. In working the example in stanza 80$ according to this rule we get: 
x. J 1 i = A, A, A. A. After removing the denominators here, wo have 6, 4, 3 
and 2. These are also called praksepas or proportional numerators, liie sum ot 
these is 15, by which the amount to be distributed, viz., 120, is divided ; and the 
resulting quotient 8 is separately multiplied by the proportional numerators 0, 4, 
3 and 2. Then the amounts thus obtained are 6 x 8 or 48, 4 x 8 or 32, 3 x 8 or 
24, 2 x 8 or 16. It is worthy of note that praksepa means both the operation 
of proportionate division and a proportional numerator. 
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as prakx&paka, give out the proportionate distribution of the 
flowers. 

86^. (A sum of) 480 was divided among five men in the pro¬ 
portion of 2, 8, 4, 5 and 6 ; 0 friend, give out (the share of each). 

The rule for arriving at (certain) results in required pro¬ 
portions 

87£. The (number representing the) rate-price is divided by 
(the number representing) the thing purchasable therewith ; (it) 
is (then) multiplied by the (given) proportional number ; by means 
of this, (we get at) the sum of the proportionate parts, (through) 
the process of addition. Then the given amount multiplied by 
the (respective) proportionate parts and then divided by (this 
sum of) the proportionate parts gives rise to the value (of the 
various things in the required proportion). 

Another rule for this (same) purpose :— 

88|. Multiply the numbers representing the rate-prices 
(respectively) by the numbers representing the (given) propor¬ 
tions of the (various) things (to be purchased) ; then divide (the 
result) by the (respective) numbers measuring the things purchas¬ 
able for the rate-price ; the resulting quantities happen to be the 
(requisite) multipliers in the operation of prafaepaha. The intelli¬ 
gent man may (then) give out the required answer by adopting 
the rule-of-three. 

Again a rule for this (same) purpose :— 

8Q,}. The (numbers representing the various) rate-prices are 
respectively divided by their own related (numbers representing 
the) things purchasable therefor and are (then) multiplied by 
their related proportional numbers. With the help of these, the 
remainder (of the operation should be carried out) as before. 


&7l to 89 *. In working the example in stanza 90$ and 91$ according to these 
rules 2, 3 and 5 are divided by 3, 5 and 7 respectively and are similarly multi¬ 
plied by 6, 3 and 1. Thus we have § x 6, f x 3, f x 1 4, f, f These are 
the proportional parts. The rules in stanzas 88$ and 89$ require thereafter 
the operation of praks r pu to be applied in relation to these proportional parts ; 
but the rule in stanza 87$ expressly describes this operation. 
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The required result is well arrived at by going through the process 
of the rule-of-three. 


9(b! and 9 If. 


Examples in illustration thereof. 

^ _ _ a Pomegranates, mangoes and woodapples are 

obtainable at the (respective) rates of 3 for 2, 5 for 3, and 7 for 5 
panas. O you friend, who know tho principles of calculation, come 
quickly having purchased fruits for 76 panas, so that the mangoes 
may be three times as the woodapples, and the pomegranates six 
times as much. 

gqi to 94i A follower of .Tina had the image of Jina bathed in 
potfuls of cards, ghee and milk. Three pots beoamo filled with 72 
pa/as (of these); 32 palm were found in the first pot and 24 in the 
second pot and 16 in the third pot. From these (potfuls of mixed- 
up) curds, ghee and milk, find out each of those (ingredients) 
separately and give them out, there being altogether 24 palas of 
ghee, 16 palas of milk and 32 palas of ourds. 

95| and 96!- Three puranas formed the pay of one man who 
is a mounted soldier ; and at that rate there were 65 men in all. 
Some (among them) broke down, and the amount of their pay was 
given to those that remained in the field. Of this, each man 
obtained 10 pwranas. You tell mo, after thinking well, how many 
remained in the field and how many broke down. 

The rule for the operation of proportionate division, wherein 
there is the addition or the subtraction of certain optionally chosen 
integral quantities :— 

971 . The given total quantity is diminished by the integral 
quantities that are to be added, or is combined with the positive 
integral quantities that are to be subtracted ; then with the help Of 
this resulting quantity the operation of proportionate division is to 
be conducted, and the resulting proportionate parts are respectively 
combined with those (integral quantities that are to he added to 
them), or they are diminished (respectively) by those (integral 
quantities that are to be subtracted). 

The operation of proportionate diviiion to be conducted here according 
to any of the rules in stanzas 87£ to 89|. 
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Examples in illustration thereof. 

98£. Four men obtained their shares in successively doubled 
proportions aud with successively doubled differences in addition, 
the first man obtaining one .share : 67 (is the quantity so to be 
distributed) here. What is the share of each ? 

99£. (A sum of) 78 is divided by these four (among them¬ 
selves) in proportions which are successively from the first \\ 
times (what precedes) and with differences (in addition, which,) 
commencing with 1 , (go on) increasing three-fold. Give out the 
(value of the) parts obtained (by each.) 

100(The shares of) five (persons) are (successively) from the 
first l|r times (what goes before), and the differences in addition are 
quantities which are (successively) 2^ times (the preceding difference) 

5l| is (the total quantity) to be divided. (Find out the values of 
the portions obtained by each.) 

101(A sum of) 400 minus 15 is divided by four men (among 
themselves) in proportions which from the first are 2% times 
(what precedes), and which (besides) are loss by differences which 
are (successively) 4 times (the preceding difference). (Find out 
the values of the various portions obtained.) 

The rule for arriving at the value of the prices producing 
equal sale-proceeds and at the value of the highest capital (invested 
in the transactions concerned): — 

1U2-J-. The largest capital (invested) combined with one ' 
becomes the vending rate of the commodity (to be sold). That 
(same vending rate), multiplied by the (given) price at which the 
remnant is to be sold, and diminished by one, gives rise to the 


98f The difference quantity to be added to the shares here is 1 in the case 
of the second man, and twice the preceding difference in the oase of each of the 
remaining two men j and this difference in the case of the second man is net 
expressly mentioned as 1 in this example as well as in the example in stanza 101 
102J. The examples bearing on this rule contemplate the pnrehaso of a 
commodity at. a certain common rate for various capital amounts ; then the 
commodity so purchased is to be sold at a certain other common rate. That, 
quantity of the commodity “which is left oversowing to its r.ot being enough to 
bo sold for a unit of the kind of money employed in the transaction, is here 

16 








purchasing rate. By reversing the processes, one may arrive at 
the valuation of the highest capital* (invested in the transaction). 

Examples in illustration thereof . 

IGS|. The capital amounts invested by (three) men are (re¬ 
spectively) 2, 8 and 36 ; 6 is the price at which the remnants of 
the commodity are to be sold. Having purchased and sold at 
the same rates, they became possessors of equal wealth. (Find 
out the buying and selling prices.) 

104|. Those three persons took up \ and 2| (as their re¬ 
spective capital amounts) and conducted the operations of buying 
aad selling (in relation to the same commodity at the same rates of 
price); by selling the remnant (in the end) at a price represented 
by 6, they became possessors of equal wealth. (Find out their 
buying and selling prices.) 

105-|. The quantity measuring the equal wealth is 41, and 
the price at which the remnants of the commodity are sold is 6. 
O arithmetician, tell me quickly what the highest capital (invested) 
is, and what the (various) capitals are. 

106J. In the case where 35 cUndras give the numerical measure 
of the equal wealth, and 4 is the price at which the remnant is to 
be sold, you tell me, 0 arithmetician, what the highest capital 
(invested) is. 


spoken of as the remnant, and the price at which this remnant is sold is the 
remnant-price. 

Symbolically, let a, a 4* b and a + b + c be the capitals, where the last is 
the sJilfpapT or the largest capital, anrl Jet p be the or the remnant* 

price; then, according to the rule, a + b + c + 1 == the vending rate j 
and (a+& + fl + l)p — 1== the purchasing rate. 

From these, it can be easily shown that the sum of the amounts realised by 
selling the commodity at the vending rate and the remnant at the remnant- 
price tarns out to be the same in each case. 

It may bo noted that the purchasing rate happens in problems bearing on 
this rule to be the same in value as the or the equal sale-proceeds. 

X05fr. It may be notod here that, according to the rule, it is only the largest 
sapifcal that, is found out; while the other capitals required in the problem are 
optionally chosen, so as to be less than the largest capital. 
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The rule for arriving at the value of the prices producing 
equal sale-proceeds when the price of the remnant is fractional in 
character:— 

107^. When the remnant price is fractional in character, the 
selling and the buying rates are to he derived as before with (the 
data consisting of) the (invested) capitals and the remnant-price 
reduced to the same denominator, which is (however) ignored (for 
the time being); these selling and buying rates are (then re¬ 
spectively) to be multiplied by (this) denominator and the square 
of (this) denominator (for arriving at the requh’ed selling and buy¬ 
ing rates). The value of the equal sale-proceeds is (then obtained) 
by means of the rule-of-three. 

An example in illustration thereof . 


108|-. (In a transaction) J 


are 


the capital amounts 
(invested respectively by three persons); the remnant-price is 
By purchasing and selling at the same prices, they became 
possessed of equal sale-proceeds. (What is the buying price, what 
the selling price, and what the equal sale-amount ?) 

Again, another rule for arriving at the value of the equal sale- 
proceeds, when the remnant-pride is fractional:— 

109^. The continued product of the highest numerator, of two, 
and of (all) the denominators (to be found in the values of the 
capital amounts invested), when combined with the (last) denomi¬ 
nator belonging to the value of the remnant-price, gives rise to 
the selling rate. This multiplied by the remnant-price, and then 
diminished by one, and then multiplied (successively) by two and 
all the denominators, becomes the purchasing rate. Then the 
rule-of-three (is to be used for arriving at the common value of 
the sale-amounts). 


An example in illustration thereof. 

110£. Having invested f (respectively), and having 

bought and sold (the same commodity), and with as the remnant- 
price, three merchants became possessors of equal sale-proceeds 
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(iu the end* What is the buying price, what is the selling price, 
and what the equal sale-amount P) 

The rule for arriving at (the solution of a problem wherein) 
optionally chosen quantities (are) bestowed in optionally chosen 
multiples for an optionally chosen number of times-• 

11 If. Let the penultimate quantity be added to the ultimate 
quantity as divided by its own corresponding multiple number, 
and let the result of this operation be divided by that (multiple 
number which is associated with this) penultimate quantity (given 
in the problem). What results (from carrying out this operation 
throughput in relation to all the various quantities bestowed) 
happens to be tho (required) original quantity. 

.'Examples in illustration thereof .. 

Il2f and 113£. A certain lay follower of Jainism went to a 
Jina temple with four gate-ways, and having taken (with him) 
fragrant flowers offered them (thus) in worship with devotion :— 
At the four gate-ways, they became doubled, then trebled, then 
quadrupled and then quintupled (respectively in order.) The 
number of flowers offered by him was five at every (gate-way). 
How many were the lotuses (origiually taken by him) P 

114-J, Flowers were obtained and offered in worship by 
devotees with devotion, the flowers (so offered) being (successively) 
3, 5, 7 and 8 ; (their corresponding) multiple quantities being 
l~ and § (in order. Find out the original number of flowers). 

Thus ends proportionate division in this chapter on mixed 
problems. 
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; Vnllika-kutUkdr a . 

Hereafter we shall explain the process of calculation known as 
Valiihi-kuttikdra *:— 

The rule underlying the process of "calculation known as 
Vallikd in relation to Kuttikara (which is a special kind of division 
or distribution) :-r- 

ll5|. Divide the (given) group-number by the (given) 
divisor; discard the first quotient; then put down one below the 
other the (various) quotients obtained by the successive division 
(of the various resulting divisors by the various resulting remain¬ 
ders; again), put down below this the optionally ehopen number, 


# It is so called because tlie method of kuttikara explained in the rule is 
based upon a creeper-like chain of figures. 

115*. The rule will become clear from the following working of the problem 
in stanza No. 117£. 

Here it is stated that 03 heaps of plantains together with 7 separate fruits 
are exactly divisible among 23 persons j it iH required to find out the number of 
fruits in a heap. Here the 63 is called the * group-number and the numerical 
.value of the fruits contained in each heap is called the ‘ group-value’ j and it is 
this latter which has to be found out. 

Now, acceding to the rule, we divide first the ra'si, or group-number 63, by 
the cheda or the divisor 23 s and then we continuo the process of divisioh as in 
finding out H.C.F. of two numbers n 

23)63(2 

46 

_ Here, the first quotient 2 is discarded; the other 

17)23(1 quotients are written down in a line one below the 

17 other as in the margin j then we have to choose 

1 each a number as, when multiplied by the last 

2 remainder 1, and then combined with 7, (the 

1 number of separate fruits given in the problem,) 

4 will be divisible by the last divisor 1. We 

accordingly choose 1, which is written down 
below the last figure in the chain; and below 
this chosen number, again, is written down the 
quotient obtained in the above division with 
the help of the chosen number. 


6)17(2 

12 

5)6(1 

5 


1)5(4 

4 


Here we stop the division 
with the fifth remainder as it 
is the least remainder in the 
odd position of order in the 
series of divisions carried out 
here. 
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with which the least remainder in the odd, position of order (in 
the above-mentioned process of successive division) is to be multi¬ 
plied ; and (then put down) below (this again) this product 
increased or decreased (as the ease may be by the given known 
number) aud then divided (by the last divisor in the above men¬ 
tioned process of successive division. Thus the Vallikd or the 
creeper-like ohain of figures is obtained. In this) the sum 
obtained by adding (the lowermost number in the chain) to the 
product obtained by multiplying the number above it with the 
number (immediately) above (this upper number, this process 
of addition being in the same way continued till the whole 
chain is exhausted,) this sum, is to be divided by the (originally 


Thus wo get the chain or Vallikd noted in the first column of figures in the 
margin. Then we multiply the penultimate figure below in 

1— 61 the chain, viz., 1, by 4, which is above it, and add 8, the last 

2— 38 number in the ohain; the resulting 12 is written down so as 

1—13 to bo in the place corresponding to 4 ; then multiplying this 

4—12 12 by 1 which is the figure above it in the creeper chain, and 

l adding l, the figure similarly below it, w e get 13 in the place 

8 of 1; proceeding in the same manner 88 and 51 are obtained * 

in the placeB of 2 and 1 respectively. This 61 is divided by 
23, the divisor in the problem j and the remainder 6 is seen to be the least 
number of fruits in a bunch. 

The rationale of the rule will be clear from the following algebraical repre¬ 
sentation 

=ss y (an integer) sea q Y x + p lf where x + 

A A * 

x =e -, (where r\ = B — Aq x the first remainder) 


« qipi + Pa, where p 2 
the second remainder. 
Hence, pi 


r 2Pl — b 


and q« is the second quotient and 


ri p c + b 


“ + 7>s> whore p 9 = Sl|i and q % h the 


third quotient and r 9 the third remainder. 

Similarly, p 3 =sr q i + Pii where Pi » 

r * r t 

Ps ss = q 6 pi + P5 , where p B — - A M-t Jt. 

n n 

Thus we have, «=g,j>i + pa ; 

Pi = <?s Pi + Pdi 
Pt = Qi Vi + Pa ; 

P» — qtPi + p e . 
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given) divisor. (The remainder in this last division becomes the 
multiplier with which the originally given group-number is to bo 
multiplied for the purpose of arriving at the quantity which ia to 
be divided or distributed in the manner indicated in the problem. 
Where, however, the given group-numbers, increased or decreased 
in more than one way, are to be divided or distributed in more 
than one proportion,) the divisor related to the larger group-value, 
(arrived ot as explained above in relation to either of two specified 
distributions), ia to bo divided (as above) by the divisor (related to 


By choosing a value for p i such that which is, as shown above, the 

*'4 

value of p e , becomes an integer, and by airanging in It chain q 2 , q*, qi, <je, Pi 
and p 5 we get at the value of x by proceeding as stated in the rule, that is, by 
the processes of multiplication by the upper quantity and the addition of tbe 
lower quantity in the chain, which are carried up to the topmost quantity. The 
value of x so obtained is divided by A, and the remainder represents the least 

JBx + b 

value of x; for the values of x whioh satisfy the equation, . ■ . - = an integer, 

A 

are all in an arithmetical progression wherein the common difference is A . 

This same rulo contemplates problems where two or more conditions are given, 
suoh as the problems given in stanzas 121 4 to 129^. The problem in 1214 may be 
thus worked out according to the rule : — Ifc is given that a heap of fruits when 
diminished by 7 is exactly divisible among 8 men, and the same heap when 
diminished by 3 is exactly divisible among 13 men. 

Now, according to the method already given, find out first the least number 
of fruits that will satisfy the first condition, and then find ont the number of 
fruits that will satisfy the second condition. Thus we get the group-values 16 
and 1C respectively. Now, the divisor related to the larger group-value is divided 
as before by that related to the smaller group-value to obtain a fresh valUkn 
chain. Thus dividing 13 by 8 and continuing the division, we have— 

From this the Vallikd chain comes out thus Choos¬ 
ing 1 as the mati, aud adding the difference between the 
two group-values already arrived at, that is, 
1 16—15, or 1, to the produot of the mati and the 

1 last divisor, and dividing this sum by the last 

1 divisor, we have 2, which is to be written down 

1 below the mati in the Vallikd chain. Then pro- 

1 ceeding ns before with the vallikd, we get 11, 

2 whioh, when divided by the first divisor 8, 
leaveB the remainder 3, This is multiplied by 

1)2(1 the divisor related to the larger group-value, 

1 vis., 13, and then is combined with the larger 

group-value. Thus 65 is the number of fruits in 
1 the heap. 


8)13(1 

8 

6 ) 8(1 


3)5(1 

3 

2)3(1 

2 
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the smaller group-value, so that a creeper-like chain of successive 
quotients may be obtained in this case also as before. Below the 
lowermost quotient in this chain, the optionally chosen multiplier 
of the least remainder in the odd position of order in this last 
successive division is to be put down; and below this again is to 
be put down the number which is obtained by) adding the 
difference between the two group-values (already referred to) to 
the product (of the least remainder in the last odd position of 
order multiplied by the above optionally chosen multiplier thereof, 
and then by dividing the resulting sum by the last divisor in the 


The rationale of this process will be dear from the following considerations :— 
We have (i) ® is an integer; (ii) is an integer; and 

Ai 


■ 8 V 
s 8 2 . 


(Hi) is an integer. In (i) Let the lowest value of x = 

As N 

- T n dO „ „ „ 

Tn(iii) „ „ „ x =o s s . 

(iv) ^ hen both (i) and (ii) are to be satisfied, dA x + has to be equal tu 

kA u + so that s x — >s 2 = kA u — dA v That is, = k % 

From (iv), which is an indeterminate equation with the values of d and fc 
unknown, we arrive, according to what has been already proved, at the lowest 
positive integral value of d . This valoe of d multiplied by A lt and then increased 
by * *1, gives the value of x which will satisfy (i) and (ii). 

Let this bo t x ; and let the next higher vain© of x which will satisfy both 
these equations be t 2 . 

(v) Now, t x + 7iA.i = t 2 ; 

(vi) and i x + mA 2 = t 2 . 

A x _ m 

* • ^ * 1 bus A x — mp, and A 2 = np, where p is the highest 

common factor between Aj and A z . 

A x A 2 

.. ra = — , and n = — 

V V , . 

Substituting in (v) or (vi), we have 


= h. 


From this it is obvious that the next higher value of x satisfying the two 
equations in obtained by adding the least- common multiple of A x and A 2 to the 
lower value. 

Now again, let v be the value of x which satisfies all the three equations. 
A.\ A z 


Then v = tx + 


x r, (where r is a positive integer) m (say) t x + l r ; 


and v = + cA 3 = t x + lr, 

c Az + s 8 - 

/ 


f sas 
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above division chain. Thus the creeper-like chain of figures 
required for the solution of this latter oombined problem is 
obtained. This chain is to be dealt with as before from below 
upwards, and the resulting number is to be divided as before by 
the first divisor in this last division chain. The remainder obtained 
in this operation is then) to be multiplied by the divisor (related 
to the larger group-value, and to the resulting product, this) 
larger group-value is to be addeh (Thus the value of the 
required multiplier of the given group-number is obtained ; and 
this will satisfy both the 1 * specified distributions taken together 
into consideration). 

Examples in illustration thereof. 

116^. Into the bright and refreshing outskirts of a forest, 
which were full of numerous trees with their branches bent down 
with the weight of flowers aud fruits, trues such as jambii trees, 
lime trees, plantains, arena palms, jack trees, date-palms, hintala 
trees, palmyras, punndga trees and mango trees—(into the 
outskirts^, the various quarters whereof were filled with the many 
sounds of crowds of parrots and cuckoos found near springs 
containing lotuses with bees roaming about them—(into such 
forest outskirts) a number of weary travellers entered with joy. 

11?£. (There were) 63 (numerically equal) heaps of plantain 
fruits put together and combined with 7 (more) of those same 
fruits; and these were (equally) distributed among 23 travellers 
so as to leave no remainder. You tell (me now) the (numerical) 
measure of a heap (of plantains.) 

J I8,|. Again, in relation to 12 (numerically equal) heaps of 
pomegranates, which, after having been put together and 


By applying the principle of vaUika-kutfikdra in the last equation, the 
valno of c is obtained, and thence the value of v can be easily arrived at. 

It is seen from this that, when, in order to find oat v, we deal with t x and 9* 
in aocoi'danoe with the kutttkara method, the ch«da or the divisor to be taken in 
xlj A 2 

relation to t\ is —- , or the least common multiple of the divisors in. the first 

two equations, 

16 
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combined with 5 of those (same fruits), were distributed similarly 
among 19 travellers. Give out the (numerical) measure of (any) 
one (heap). 

119$. A traveller sees heaps of mangoes (equal in numerical 
value), and makes 81 heaps less by 3 (fruits); and when the 
remainder (of these 31 heaps) is (equally) divided among 73 
men, there is no remainder. Give out the numerical value of 
one (of these heaps). 

120$. In the forest 37 heaps of wood-apples were seen by 
the travellers. After 1? fruits were removed (therefrom, the 
remainder) was (equally) divided among 79 persons (sons to leave 
no remainder). What is the share obtained by each P 

121$. When, after seeing a heap of mangoes in the forest and 
removing 7 fruits (thorefrom), it was divided equally among 8 of 
the travellers; and when, again after removing 3 (fruits) from 
that (same) heap it was (equally) divided among 13 of them ; it 
left no remainder (in both cases). 0 arithmetician, tell me (the 
numerical measure of this) single heap. 

122$. A single heap of wood-apples divided among 2, 3, 4, or 
5 (persons) leaves 1 as remainder (in each case). 0 you who 
know arithmetic, tell me the (numerical) measure of that (heap). 

123$. When (divided) by 2, the remainder is 1 ; when by 3, 
it is 2 ; when by 4, it is 3 ; when by 5, it is 4. Tell me, O friend, 
what this heap is. 

124$. When (divided) by 2, the remainder is 1 ; when by 3, 
there is no remainder ; when by 4, it is 3 ; when by 5, it is 4. 
Tell me, 0 friend, what the heap is (in numerical value). 

125$. When divided by 2, there is no remainder; when by 3, 
there is 1 as remainder ; when by 4, thore is no remainder; and 
when by 5, there is one as remainder. What is this quantity ? 

126$, When divided by 2 (the remainder is) 1; when by 3, 
there is no remainder; when by 4, (the remainder is) 3; and 
when divided by 5, there is no remainder Tell me now what 
(this) quantity is. 

127$. The travellers saw on the way certain (equal) heaps of 
jarnbu fruits. Of them, 2 (heaps) were equally divided among 9 
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ascetics and left 3 (fruits) as remainder. Again 3 (heaps), were 
(similarly) divided among 11 persons, and the remainder was 5 
fruits ; then again 5 of those heaps were similarly divided among 
7, and there were 4 more fruits (left out) of them. O you arith¬ 
metician who know the meaning of the kutttkara process of dis¬ 
tribution, tell me after thinking out well the numerical measure 
of a heap (hero) 

In the interior of the forest, 3 hoaps (equal in value) of 
pomegranates were divided (equally) among 7 travellers, leaving 
1 (fruit) as remainder; 7 (of such heaps) were divided (similarly) 
among 9, leaving a remainder of 3 (fruits ; again) 5 (of such heaps) 
were (similarly) divided among 8, leaving 2 fruits as remainder. 
O arithmetician, what (is the numerical value of a heap here). 

129|. There were 5 (heaps of fruits equal in numerical value), 
which after being combined with 2 (fruits of the same kind) were 
(equally) divided among 9 travellers (and left no remainder); 
6 (heaps) combined with 4 (fruits) were (similarly) divided 
among 8 of them; and 4 (heaps) combined with 1 (fruit) were (also 
similarly) divided among 7 of them. Give out the numerical 
measure (of a heap here). 

The rule for arriving at the original quantity distributed (as 
desired), after obtaining the remainder due to (the removal of 
certain specified) known quantities :— 

130J. (Obtain) the product of the (given) known quantity (to 
be removed), as multiplied by the fractional proportion of what is 
]eft (after a specified fractional part of what remains on the 
removal of the given known quantity has been given away). The 
next quantity is (obtained by means of) this (product), to which 

1$0£. Here the known quantity to be removed is called the agra. What 
remains after the removal of the agra is the remainder. That fraction of this 
remainder which is given or taken away is the agr&vsa, and what is left of the 
remainder after the ogrdmsa is given or taken away is the sesdvsa or the 
remaining fractional proportion of the remainder. For example, where x is the 
quantity to be found out, and a is the agra in relation to the first distribnth n 

with i as the fractional proportion distributed, a happens to be the ag»d>i fa t 

and (x — a) — to be the ifydvhda* 

3 
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the specified known quantity which is to bo taken away (from 
the previous remainder) is added ; (and this resulting sum) is 
multiplied by that (same kind of) remaining fractional proportion 
(of the remainder as has been mentioned above). This is to be 
done as many times as there are distributions to be made. Then 
these quantities so obtained should be deprived of their denomina¬ 
tors ; and these denominator-less quantities (and the successive 
products of the above-mentioned remaining fractional proportions 
of the remainder) are (to be used as) the known quantity and the 
(other elements, viz,, the coefficient! multiple (of the unknown 
quantity arid the divisor, required in relation to a problem on 
Vallika-kuUikdra ). 

Examples in illustration thereof \ 

131^. On a certain man bringing mango traits (home, bis) 
elder son took one fruit first and then half of what remained. 
(On the elder son going away after doing this), the younger (son) 
did similarly (with what was left there. He further took half 


The rule will be clear from the following working of the problem in 132f— 
1334 :— 

Here 1 is the first agra, and i is the first agrdma; therefore 1—4 or | is 
the Bepdmda. Now, obtain the product of agra and iesdma or 1 x § or Write it 

down in 2 places. £ | j • j 

Repeat the quantities [ 2 j J second agra 1 (to one of the quantities) 

Then we have 11| ; multiply both by the next iegtiwia, 1 — 4 or f, bo that you get 

i : 11 

Take these figures and add the third agra 1 as before j and you have 
f > multiply by tiie next sfydrhfo 1 — 4 or -f and by the last on sa or J ; and 

UJ rtn 

you have m 

The denominators of the first fractions in these three sets of fractious 
marked I, II, III, arc dropped, and the numerator* represent negative agras in 
a problem on ValliM~luttt\'dra k wherein the numerator and the denominator of 
each of the second fractions in those sets represent respectively the dividend 
coefficients and the divisor. Thus we have 

~ is an integer ; ~ is an integer j and-~Zl~^l is an integer. 


3 - — - ' 9 ~ ^ 81 

The value of # satisfying these three conditions gives the number of flowers. 
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of what was thereafter left); and the other (son) toot the other 
half. (Find the number of fruits brought by the father;) 

132| and 133^, A certain person went (v/itli flowers) into a 
Jina temple which was (in height) three times the height of a man. 
At first he offered one (out of those flowers) in worship at the foot 
of the Jina and then (offered in worship) one-third of the remaining 
number (of flowers) totbe first height-measure (of the Jina); Out 
of the remaining two-thirds (of the number of flowers, he conduc¬ 
ted worship) in the same manner in relation to the second height- 
measure ; and (then he did) the same thing in relation to the third 
height-measure also. The two-thirds which remained at last were 
also made into 3 equal parts (by him); and having worshipped 
the 24 firthankaras (with these parts at the rate of eight 
tlrthankaras for each part), he went away with no (flower) on 
hand. (Find out the number of flowers taken by him.) 

Thus ends simple KuMikara in this chapter on mixed problems. 


* Visama-ku ttifcav a . 

Hereafter we shall expound complex kutfikdra. 

The rule relating to complex kutfikara :— 

134The (given) divisor, (written down) in two (places)., is to 
be multiplied (in each place) by an optionally chosen number ; and 
the (known) quantity given (in the problem) for the purpose of 
being added is to be subtracted (from the product in one of these 
places) ; and the quantity given (in the problem) for the purpose 
of being subtracted is to be added (to the product noted down in 
the other place. The two quantities thus obtained are) to bo 
divided by the known (coefficient) multiplier (of the unknown 


* Tlio words Vipoma and Bhinna hero asod in relation, to Kutfikara have 
obviously, the same meaning and refer to the fractionol oharnoter of the dividend 
quantities occurring in the problems contemplated by the rule. 








T20 GANITA8ARASANGR A.HA. 

quantities to be distributed in accordance with the problem). Each 
(of the quotients so obtained) happens to be the required (quantity 
which is to be multiplied by the given) multiplier in the process 
of Bhinnakutfikdra .* 

An example in illustration thereof 

135|, A certain quantity multiplied by 0, (then) increased by 
10 and (then) divided by 9 leaves no remainder. Similarly, (# 
certain other quantity multiplied by 6, then) diminished by 10 (and 
then divided by 9 leaves no remainder). Tell me quickly what 
those two quantities are (which are thus multiplied by the given 
multiplier here). 


Sakala-kutttfcara. 

The rule in relation to sakala-kuttikdra . 

136^-. The quotient in the first among the divisions, carried on 
by means of the dividend-coefficient (of the unknown quantity to 
be distributed), as well as by means of the divisor and the (succes¬ 
sively) resulting remainders, is to be discarded. The other quotients 
obtained by means of this mutual division (carried on till the 
divisor and the remainder become equal) are to be written down 
(in a vertical chain along with the ultimately equal remainder 
and divisor); to the lowermost figure (in this chain), the remainder 
(obtained by dividing the given known quantity in the problem by 
the divisor therein), is to bo added. (Then by means of these num¬ 
bers in the chain), the sum, (which has to be) obtained by adding 
(successively to the lowermost number) the product of the two 


136f. This rule will become dear from the following working of the problem 
given in 137£ •* — 

. . , . 177a: i 240 . 

The problem is, when -— is an integer, to find out the valneB of a?. 

Removing the common factors, we have i B atl integer. 
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numbers immediately above it, (till the topmost figure in the chain 
becomes included in the operation), is to be arrived at. (Thereafter) 
this resulting sum and the divisor in the problem (give rise), in the 
shape of two remainders, (to the two values of) the unknown 
quantity (which is to be multiplied by the given dividend-coefficient 
in the problem),which (values)are related either to the known given 
quantity that is to he added or to the known given quantity that 
is to be subtracted, according as the number of figure-links in the 
above-mentioned chain of quotients is even or odd. (Where, 
however, the given groups, increased or decreased in more 
than one way, are to be divided or distributed in more than* one 
proportion), the divisor related to the larger group-value, (arrived 
at as explained above in relation to either of two specified distri¬ 
butions), is to be divided over and over (as above by the divisor 


Carry oat the repaired process of continued division 
07)59(0 


59)67(1 

59 


8)59(7 

56 


After discarding- the first quotient, the others are written 
down in a chain thus 


3)8(2 

6 

2)3(1 

2 

1 ) 2(1 

1 


1 

7 

2 

1 

1 

1 

1 + 13 ; 


Below this are next written down 1 and 1, 
the last equal divisor and remainder. Here 
also, as in Vallika-kufftMra, it is worthy 
of note that in the last division there can be 
really no remainder, as 2 is fully divisible 
by 1. But since the last remainder ig 
14 wanted for the chain, it is allowed to occur 
by making the last quotient smaller than 
possible. And to the last number 1 here, add 
13, which is the remainder obtained by 
dividing 80 by 67 ; the 14 so obtained is 
also written down at the bottom of the chain, 
which now becomes complete. 

Now, by the continued process of multiplying and adding the figures in this 
chain, as already explained in the note under stanza No. 115$, 
we arrive at S92. This is then divided by 67 ; and the remain¬ 
der 57 is one of the values of x t when 80 is taken as negative 
owing to the number of figures in the chain being odd. When 
80 is taken as positive, the value of x is 67 - 57 or 10. If the 
number of figures in the chain happen to be even, then the 
value of x first arrived at is in relation to the positive agra ; 
if this value be subtracted from the divisor, the value of « in 
relation to a negative agra is arrived at. 


1— 392 
7—345 

2 — 4*7 
1—16 
1—15 
1 

14 
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related to the smaller group-value obtained as above so that a 
Creeper-like chain of successive quotients may be obtained in this 
case also. Below the lowermost quotient in this chain the 
optionally chosen multiplier of the least remainder in the odd 
position of order in this last successive division is to be put down 


The principle underlying* the process given in the rale is the samo as that 
explained in the rale regarding Vallikd'kuftikdra —but with this difference, 
namely, that the,last two figares in the chain here are obtained in a different way. 

Again, from the rationale given in the footnote to rale in 115f, Oh. VI, 
it will be seen that, the agra, b, associated with the remainder in the odd position 
of order, has the same algebraical sign as is given to it in the problem ; 
while the sign of the a gra, b , associated with the remainder in the oven position of 
order is opposite to its sign as given in the problem. Hence, when the 
continued division is carried up to a remainder in the odd position of order, the 
value of x arrived at therefrom is in relation t > *neh an agra as has its sign 
unchanged; on the other hand, when the continued division is carried up to a 
remainder in the even position of order, the value of x arrived at therefrom is in 
relation to an agra that has its sign changed. When the number of remainders 
obtained is odd, the number of quotients in the chain is even j aud when the 
remainders are even, the quotients are odd in number. As the agra. associated 
with the last remainder is in this rule always taken to hp positive, the value of 
x arrived at is in relation to the positive agra , if the last remainder happens to 
be in the odd position of order. And it is in relation to the negative agra , if the 
last remainder happens to be in the even position of order. In other words, if 
the number of quotients be even, the value is in relation to the positive agra ; 
and if the number of quotients be odd, it is in relation to the negative agra. 

The value of x in relation to the positive or the negative agra being thus 
found out, the other value is arrived at by subtracting this value from the 
divisor in the problem. How this turns out will be clear from the following 
representation :— 

==r an integer. Here let x = c; then —= an integer We 
B B 

hnow that a ^ so an integer. Hence or j is an 

B B B B 

integer. 

It has to be noted here that the com mon fnot,or, if any, of the three given 
numerical quantities is to be removed before the operation of continued division 
is begun. The last devisor and the last remainder being required to be equal 
it will invariably happen that these como to be 1. 

The mail, required to be chosen in the rule relating to the Vallikd^kutfikdra 
aud required to bo written below the chain of quotients, is in this rule always I, 
the last, divisor being I. Therefore the last divisor here takes the place of the 
matt in the Vallika-kuttiKdra. It will be seen further that the last figure of 
the chain obtained according to this rule, i,e., 1 + agra, is the same as the last 
figure in the chain obtained in the Vallikd-k'u.fftkd?a by dividing by the last 
divisor lb* sum of the agra aud the product of the maii as multiplied by the 
last remainder. 
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as before; and below this again is to be put down) the number 
which is obtained by adding the difference between the two 
group-values, (already referred to, to the product of the least 
remainder in the odd position of order multiplied by the above 
optionally chosen multiplier thereof, and then by dividing 
this resulting sum by the last divisor in the above division 
chain. 

Thus the creeper-like chain of figures required for the solution 
of this latter kind of problem is obtained. This chain is to be 
dealt with as before from below upwards, and the resulting 
number is to be divided as before by the first divisor in this last 
division chain. The remainder obtained in this operation is then 
to be) multiplied by the divisor (related to the larger group-value) » 
and to the resulting product this larger group-value is to be 
added. 

(Thus the value of the required multiplier of the given group 
number is obtained so as to satisfy the two specified distributions 
taken into consideration.) 

Examples in illustration thereof . 

137^. One hundred and seventy-seven (is the dividend-co¬ 
efficient of the unknown factor), 240 is the known quantity 
associated (with the product so as to be added to or subtracted 
from it); the whole is divided by 201 (and leaves no remainder). 
What is the (unknown) factor here (with which the given dividend- 
coefficient iB to be multiplied) ? 

138|. Thirty-five and other quantities, 16 in number, rising 
(thence successively in 'value) by 3, (are the given dividend-co¬ 
efficients). The given divisors are 32 (and others) as successively 
increased by 2. And 1 successively increased by 3 gives rise to the 
associated known (positive and negative) quantities. What are 
the values of the (unknown) factors (of the known dividend- 
coefficients), according as they are additively associated with 
positive or negative (known) numbers ? 
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The rule for separating the prices of (an interchangeable) larger 
and (a similar) smaller number of two different things from the 
given mixed sums of the prices of these things :— 

139^. From the higher price-sum, as multiplied by the corre¬ 
sponding larger number of one of the two kinds of things, subtract 
the lower price-number as multiplied by the smaller number 
relating to the other of the two kinds of things. Then divide the 
result by the difference between the squares of the numbers 
relating to these things. This gives rise to the price of the thing 
which is larger in number. The other, that is, the price of the 
thing which is smaller in number, is obtained by interchanging 

the multipliers. 

An example in illustration thereof. 

140£ to 142£. The mixed price of 9 citrons and 7 fragrant 
wood-apples is 107 ; again the mixed price of 7 citrons and 9 
fragrant wood-apples is 101. 0 you arithmetician, tell me quickly 
the price of a citron and of a wood-apple here, having distinctly 
separated those prices well. 

The rule for separating the prices and the numbers of different 
mixed quantities of different kinds of things from their given 
mixed price and given mixed values : — 

143£. The (different) given (mixed) quantities (of the different 
things) are to bo multiplied by an optionally chosen number; the 
given (mixed) price (of these mixed quantities) is to bo diminished 
(by the value of these products separately). The resulting quantities 

139Algebraically, if 
ax 4- by = w 
and 6x 4* ay =* n y 
then a 2 x 4- aby *= am 
and b*x + aby «= bn. 

b 2 ) = am — bn. 
am — bn 
a 8 —6* 

lA3j. The rule will become clear by the following working of the problem in 
stanzas 144$ and 146£ : 

The total number of fruits in the first heap is 21. 

0 O< do. second do. 22 . 

Do. do. third do. 23. 
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are to be divided (one after another) by an optionally chosen number 
(and the remainders again are to bo divided by an optionally chosen 
number, this process being repeated) over and over again. The 
given (mixed) quantities of the different things are to be (succes- 
sively) diminished by the corresponding quotients in the above 
process. (In this manner the numerical values of the various 
things in the mixed sums are arrived at). The optionally chosen 
divisors (in the above processes of continued division) combined 
with the optionally choson multiplier as also that multiplier 
constitute (respectively) the prices (of a single thing in each 
of the varieties of the given different things). 


Choose auy optional number, say 2, and multiply with it these total numbers; 
we get 42,44, 40. Subtract these from 73, the price of the;respective heaps. The 
remainders are 31,29, and 27. These are to be divided by another optionally 
chosen number, say 8. The quotients are 3, 3 ; 3, and the remainders are 7, 5 
and 3. These remainders are again divided by a third optionally chosen number 
say 2, The quotients are 3, 2, 1, and the remainders are 1, 1, 1. These last 
remainders are in their turn divided by a fourth optionally chosen number 
which is 1 here. The quotients a^e ), 1, 1 with no remainders. The quotients 
derived in relation to the first total number are to be subtracted from it* 
Thus we get 21-(3 + 3 + I) = 14 ; this number and the quotients 3, 3, 1 
represent the number of fruits of the different sorts in the first heap. 
Similarly we get in the second group 16, 3, 2, 1, and in the third group 18, 3, 1, 
1 , as the number of the different sorts of fruits. 

The prices are the first chosen multiplier, viz., 2, and its sums with the 
other optionally chosen multipliers. Tims we got 2, 2 + 8 or 10, 2 + 2 or 4, and 
2 + 1 or 3, aB the prfce of each of the four different kinds of fruits in order. 

The principle underlying this u ethod will be clear from the following 
algebraical representation :— 

ax + by + cz +dw~p . I 

a + b + c + d = n II 

Let w = 8, 

Multiplying II by s, wo haves {a f b + c + d) = sn ... ... Ill 

Subtracting III from I, we get a (x-n) + b (y-s) + c (z —s) = 

p — s-n.. ... ... ... ... ... ... ... IV 

Dividing IV by x~# t we get a as the quotient, and b (y-x) + cfz-s) as 
the remainder, where x — s is a suitable integer. 

Similarly we proceed till the end. 

Thus it will be seen that the successively chosen divisors x — x*, y — *?, and 
g — 3, when combined with **, give the value of the various prices, 3 by itself 
being the price of the first thing ; and that the successive quotienis a } 6,c, along 
with n — (a + b +»;) are the numbers measuring the various kinds of things. 

It may be noted that, in this rule, the number of divisions to bo carrie 1 out is 
one less than the number of the kinds of things given, and that tbeie should 
bs no remainder left in the last division. 
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An example in illustration thereof. 



144-J- and 145f. There are hare fragrant citrons, plantains, 
wood-apples and pomegranates mixed up (in three heaps). The 
number of fruits in the first (heap) is 21, in the second 22, and in 
the third 23. The combined price of each of these (heaps) is 73, 
What is the number of the (various) fruits (in each of the heaps), 
and what the price (of the different varieties of fruits) ? 

The rule for arriving at the numerical value of the prices of 
dearer and cheaper things (respectively) from the given mixed 


value (of their total price) :— 


146|. Divide (the rate-quantities of the given things) by their 
rate-prices. Diminish (these resulting quantities separately) by 
the least among them. Then multiply by the least (of the above- 
mentioned quotient-quantities) the given mixed price of all the 
things; and subtract (this product) from the given (total number 
of the various) things. Then split up (this remainder optionally) 
into as many (bits as there are remainders of the abovo quotient- 
quantities left after subtraction); and then divide (these bits by 
those remainders of the quotient-quantities, thus the prices of 
the various cheaper things are arrived at). Theso, separated from 
the total price, give rise to the price of the dearest article of 
purchase. 


Examples in illustration thereof. 


147^ to 149. “ In accordance with the rates of 3 peacocks for 


2 panels, 4 pigeons for 3 panas , 5 swans for 4 punas, and 6 sdrasa 



146 The rule will bo clear from the following working of the problem 
given in 1474—149 

Divide the rate-quantities 3 , 4, 5, 6 by the respective rate-price# 2, 3, 4 , 5 ; 
thus we have £, J, 2- Subtract thdleast of these # from each of the other three. 
We get h> % multiplying the given mixed price, 56, by the ftbove- 

mefl&ioued * least" quantity, % we have 56 x j. Subtract this from the total 
number of birds, 72. Split up the remainder f* into any three par> s, say i j, f. 
Dividing 1 these respectively by tf, ♦ "tv we get the price* of the first.fchree 
kinds of birds, A / f 12, 36. The price of the fourth variety of birds can be found 
out by subtracting all these three prices from the total 56. 
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birds for 5 panas , purchase, 0 friend, for 56 panas 72 birds and 
bring them (to me) ”. So saying a man gave over the purchase- 
money (to his friend). Calculate quickly and find out how many 
birds (of each variety he bought) for how many panas. 

150. For 3 panas, 5 pa las of ginger are obtained; for 4 panas, 
11 pahs of long pepper ; and for 8 panas , 1 pala of pepper is 
obtained By means of the purchase-money of 60 panas, quickly 
obtain 68 pahs (of these drugs). 

The rule for arriving at the desired numerical value of certain 
specified objects purchased at desired rates for desired sums of 
money as their total price : — 

151. The rate-values (of the various things purchased are each 
separately) multiplied by the total value (of the purchase-money), 
and the various values of the rate-money are (alike separately) 


161. The following working of the problem given in 152-153 will illustrate 
the rule t— 


Write down the rate-things and the rate-prices in 
two rows, one below the other. Multiply by the total 
price and by the total nurnbor of things respectively. 
Then subtract. Remove the common faotor 100. Multi¬ 
ply by the chosen numbers 3, 4, 5, 6. Add the numbers 
in each horizontal row and remove the common faotor 6. 
Change the position of these figures, and write down in 
two rows each figure as many times as there are compo¬ 
nent elements in the corresponding sum changed in position. 
Multiply the two rows by the rate-prices and the rate- 
things respectively. Then remove the common factor 6. 
Multiply by the already chosen numbers 3, 4, 5, 6. The 
numbers in the two rows represent the proportions 
according to which the total price and the total number of 
things beoome distributed. 

This rule relates to a problem in indeterminate 
equations, and as such, there may be many sets of answers, 
theB© answers obviously depending upon the quantities 
chosen optionally as multipliers. 

It can be easily seen that, only when certain sets of 
numbers are chosen as optional multipliers, integral 
answers are obtained ; in other cases, fractional answers 
are obtained, which are of course not wanted. For an 
explanation of the rationale of the proces, see the note 
given at the end of the chapter. 
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multiplied by the total number of things purchased ; (the latter 


I products are subtracted in order from the former products; the 
positive remainders are all written down in a line below, the 
negative remainders in a line above ; and all these are reduced to 
their lowest terms by the removal of the factors which are common 
to all of them. Then each of these reduced) differences is multiplied 
by (a separate) optionally chosen quantity; (then those products 
which are in a line below as well as those which are so above 
are separately added together); and the sums are written upside 
down, (the sum of the lower row of numbers being written above 
and the sum of the upper row being written below. i hese stuns are 
also reduced to the lowest terms by means of the removal of 
common factors, if any ; and the resulting quantities) are each 
of them written down twice, (so as to mate one be below the 
other, as often as there are component elements in the correspond¬ 
ing alternate sum. These numbers thus arranged in two rows) are 
multiplied by their respective rate-prices and rate-values of things, 
(the rate-price multiplication being conducted with one row of 
figures and the rate-number multiplication being in relation to the 
other row of figures. The products so obtained are again reduced 
to their lowest terms by the removal of such factors as are com¬ 
mon to all of them. The resulting figures in each vertical row are 
separately) multiplied (each) by (means of its corresponding 
originally chosen) optional multiplier. (And the products should 
be written down as before in two horizontal rows. The numbers 
in the upper row of products give the proportion in which the 
purchase money is distributed ; those in the lower row of products 
give the proportion in which the corresponding things purchased 
' are distributed. Therefore) wliat remains thereafter is only the 
operation of prak§ejpaka-karana (proportionate distribution in 
accordance with rule-of-three). 

An example in ilhisimlwn thereof. 

152 and 153. Pigeons are sold at the rate of 5 for 3 ( panas ), 
uaraea birds at the rate of 7 for 5 ( parne ), swans at the rate of 9 for 7 
{faqui)) and peacocks at the rate of 3 for 9 (; panas ). A certain man 
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was told to bring at these rates 100 birds for 100 panas for the 
amusement- of the king’s son, and was sent to do so. What 
(amount) does he give for each (of the various kinds of birds that 

he buys) ? 

The rule, for arriving at the measure of two given commodities 
whose prices are interchanged:— 

154. Let (the numerical value of) the sum of the (total selling 
and buying) money-prices (of the two given commodities) be 
divided by (the numerical measure of) the sum (of the commodities 
put together); then let the difference (bet ween the above-mentioned 
buying and selling prices) be divided by the (numerical measure 
of any such) difference as may be obtained by subtracting any 
optionally chosen commodity-quantity from the given measure of 
the sum of the given commodities. If the operation of sankramana 
is conducted in relation to these, (viz., the quotient obtained in the 
first operation above and any one of the many quotients that 
may be obtained in the seoond operation), the rates at which 
those commodities are purchased is obtained. Then if the same 
operation of sankramana as relating to the sum of the commodities 
and to their difference is carried out, it of course gives rise to (the 
numerical measure of) the commodities (in question). The alter¬ 
nation (of these above-mentioned purchase-rates) gives rise to the 
sale-rates. This is the solution of (this kind of) problems as 
propounded by the learned ; and the rule (itself) has been declared 
by the great Jina. 

154. The algebraical representation of the method described in the rule may 
bo given thus in relation to the problem proposed in stanzas 155 and 166— 

Let ax + by = 104... I 

ay + bx = 116 . ... .. ... II 

a + 6 = 20 .IH 

.Adding I and II, we have (a + 6) (x + y) — 220 ... IV 

x i y =11 . . . V 

Again subtracting I from II, we get (a — b) (y — x) == 12 
Now 2d is optionally chosen to be equal to 6. 

a + b —23 or a — 6=20- 6 or 14 ... . .. VI 

.\y —*=. '.VII 

Carry out the operation of sankramana with reference to VII aua V, and 
f l and III; and the values of x, y, a and b are all made ont. 
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■ An example in illustration thereof 1 

#• 

155 and 156. The ojrigrinal price of one piece-of sandalwood 
a©d one piece of uyaru wood, they -being together 20 pa la s (in 
weight), is 104 panas ; when after' a-time they were sold with 
their prices mutually altered, hi6 panas were .obtained. • You 
'give out their buying and -selling rates and the numerical measure 
of tne commodities, taking 6 and 8 separately as the,optional 
(number) needed by the rule. \ 

The rule for arriving.at the distance in yojanas travelled by 
the horses of the sup's chariot when yoked as desired 

157. The number representing the total yojanas , divided by the 
total number of. horses, gives the yojanas (which each has at a stage 
to travel) in turn These yojanas, as multiplied by the optionally 
chosen number of horses to be yoked, give the measure of the 
distance to be travelled over by each horse. 

An example in illustration thereof. 

158. It is well-known that the horses belonging to the sun’s 
chariot are 7. Four horses (have to) drag it along, being harnessed 
to the yoke. They have to do & journey of 70 yojanas. How 
many times are they unyoked and how many times yoked (again) 
in four ? 

The rule for arriving at the value of the commodity to be found 
in the hands of each ( of a body of joint proprietors), from the 
conjoint remainder left after subtracting whatever is desired from 
the total value of all the commodities 

159. Let the sum (of the values of the conjoint remainders) of 
the commodities be divided by the number of men lessened by one ; 
the quotient will be the total value of all the commodities (owned 
in common). This total value as diminished by the specified values 
gives (in the corresponding cases) the value of commodity in the 
hands (of each of the proprietors in turn). 

An example in illustration thereof. 

160 to 162. Four merchants who had invested their money m 
common were asked each separately by the oustoms officer what 
the value of the commodity (they were dealing in) was ; and one 
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eminent merchant (among them), deducting his own investment, 
said that that (value) was in fact 22. Then another said that it 
was 23; then another said 24; and the fourth said that it was 27 ; 
(in saying so) each of them deducted his own invested amount 
(from the total value of the commodity for sale). 0 friend, tell 
ine separately the value of the (share in the) commodity owned 
by each. 

The rule for arriving at equal amounts of wealth, (as owned 
in precious gems,) after mutually exchanging any desired number 
of gems:— 

163. The number of gems to be given away is multiplied by 
the total number of men (taking part in the exchange). This 
product is (separately) subtracted from tho number (of the gems) 
for sale (owned by each); the continued product of the remainders 
(bo obtained! gives rise to the value of the gem (in each ease), 
provided the remainder relating to it is given up (in obtaining 
such a product). 

Examples in illustration thereof. 

164. Tho first man had 6 azure-blue gems (of equal value), the 
second man had 7 (similar) emeralds, and the other—the third 
man—had 8 (similar) diamonds. Each (of them), on giving to 
each (of the others) the value of a single gem (owned by 
himself), became equal (in wealth-value to the others. What is 
the value of a gem of each variety P) 

165 and 166. The first man has 16 azure-blue gems, the 
second has 10 emeralds, and the third man has 8 diamonds. Eaoh 
among them gives to each of the others 2 gems of thn kind owned 
by himsel f; and then all throe men come to he possessed of equal 


163. Let -m, n, p , be respectively the numbers of the three kinds of gems 
owned by three different persons, and a the number of gems mutually e.tohanged : 
and let se, y, s, be the vjIuo in order of a single gem in the three varieties 
concerned. 

Then it may be easily found out as required that x =*= (n — 3a) (p — 3a> ; 

y =* {wi — 3a) (p — 3a); 

3*) (w — la)] 
18 
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wealth. Of what nature are the prices of those azure-blue gems, 
emerald*, and diamonds ? 

The rule for arriving at the (value of the) invested capital by 
means of the rate of purchase, the rate of sale, and the profit 
obtained:— 

167. The'buying and the selling rate-measures of the com¬ 
modity are eaoh multiplied alternately by the rate-prices ; (the 
product obtained with the help of) the buying rate-measure is 
divided by (the other product obtained with the aid of) the selling 
rate-measure. The profit, divided by the resulting quotient as 
diminished by one, gives rise to the originally employed capital 
amount 

An example in illustration thereof \ 

168. A merchant buys at the rate of 7 prasthas of grain for 3 
panasy and sells it at the rate of 9 prasthas for 5 panas , and makes 
a profit of 72 panas. What is the capital employed in this tran¬ 
saction ? 

Thus ends Sakala-kuttlkdra, in the chapter on mixed problems. 


Suvarna-ku tttkdra, 

Hereafter we shall explain that kuttikdra which consists of 
calculations relating to gold. 

The rule for arri ving at the varna of the resulting mixed gold 
obtained by putting together (different component varieties of) 
gold of (various) desired varnas 

169. It has to be known that the (sum of the various) products 
of (the various component quantities of) gold as multiplied by 
(fcheir respaotive) varnas, when divided by (the total quantity of) 

367, if the buying rate is a thingB for 6, and the selling rate is c things for 
d, aud if m is the gain by the transaction, then the capital invested is— 

-Hi- 1 ) 
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the mixed gold gives rise to the (resulting) varna. (The original 
varna of any component part thereof), when divided by the latter 
resulting varna (of the mixed up whole), and multiplied by the 
(given) quantity of gold (in that component part), gives rise to 
(that) corresponding quantity of (the mixed) gold (which is equal 
in value to that same component part thereof). 


An example in illustration thereof. 


170 to 171£. There are 1 part (of gold) of 1 varna , 1 part of 2 
varnas, 1 part of 3 varna*, 2 parts of 4 varnas , 4 parts of 5 varna *, 
7 parts of 14 varnas , and 8 parts of 15 varnas. Throwing these into 
the fire, make them all into one (mass), and then (say) what the 
varna of the mixed gold is. This mixed gold is distributed among 
the owners of the foregoing parts. What does each of them get f 

The rule for arriving at the required weight of gold (of any 
desired varna equivalent in value to given quantities of gold) of 
given varnas :— 

172tJ. The given quantities of gold are all (separately) multi¬ 
plied by their respective varnas , and the products are added. The 
resulting sum is divided by the total weight of the mixed gold ; 
the quotient is to be understood as the resulting average varna . 
This (above-mentioned sum of the products) is separately divided 
by the desired varnas (to arrive at the required equivalent weight 
of this gold). 


Examples in illustration thereof. 


173£. Twenty panas (in weight of gold) of 16 varnas have been 
exchanged for (gold of) 10 varnas in quality ; you give out hew 
mm.y purams (in weight) they become now. 

174£. One hundred and eight (in weight of) gold of Ilf varnas 
is exchanged for (gold of) 14 varnas . What is the (equivalent 
quantity of this new) gold ? 

The rule for finding out the unknown varna :— 

175J. From the product obtained by multiplying the total 
quantity of gold by the resulting varna of the mixture, the rum of 
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the products obtained by multiplying the (several component) 
quantities of gold by (their respective varms) is to be subtracted. 
The remainder, when divided by the known component quantity of 
gold, (the varna of which is to be found out), gives rise to the 
required varna ; and when divided by the difference between the 
resulting varna and the known varna (of an unknown component 
quantity of gold) gives rise to the (required weight of that) gold. 

Another rule in relation to the unknown varna :— 

176^. The sum of the products of the (various component 
quantities of) gold as multiplied by their respective varnas is to be 
subtracted from the product of the total quantity of gold as multi¬ 
plied by the resulting varna. Wise people say that this remainder 
when divided by the weight of the gold of the unknown varna 
gives rise to the required varna. 

“Examples in illustration thereof. 

177^ and 178. With gold of 6,4 and 3 (in weight)characterised 
respectively by 13, 8 and 6 as their varnas , 5 in weight of gold of 
an unknown varna is mixed. The resulting varna of the mixed 
gold is 11. 0 yon, friend, who know the secrets of calculation, 

tell me the numerical value of this uuknown varna, 

179. Seven in weight (of a given specimen) of gold has exactly 
14 as the measure of its varna; then 4 in weight (of another specimen 
of gold) is added to it. The resulting varna is 10. Give out the 
unknown varna (of this second specimen of gold). 

The rule for arriving at the unknown weight of gold :— 

180. Subtract the sum, obtained by adding together the 
products of the (various component quantities of) gold as multipligd 
by their respective varnas > from the product of the sum (of the 
known weights) of gold as multiplied by the now durable resulting 
varna ; the remainder divided by the difference between the (known) 
varna of the unknown quantity of gold and the resulting durable 
varna (of the mixed gold) gives rise to the (weight of) gold. 
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W- ’laj&e pieces of gold, of 3 each in weight, and of 2, 3, 
and 4 varnas (respectively), are added to (an unknown weight of) 
gold of 13 varnas. The resulting varna comes to be 10. Tell 
me, 0 friend, the measure (of the unknown weight) of gold. 

The rule for arriving at (the weights of) gold (corresponding 
to two given varnas) from (the known weight and varna of) the 
mixture of two (given specimens of) gold of (given) varnas :— 

182. Obtain the differences between the resulting varna (of the 
mixture on the one hand) and the known higher and lower varnas 
(of the unknown component quantities of gold on the other hand); 
divide one by these differences (in order ); then carry out as before 
the operation of praksepaka (or proportionate distribution with the 
aid of these various quotients). In this manner it is possible to 
arrive even at the value of many component quantities of gold also. 

Again, the rule for arriving at (the weights of) gold (corre¬ 
sponding to two given varnas) from (the known weight and varna 
of) the mixture of two (given specimens of) gold of (given) 
varnas :— 

183. Write down in inverse order the difference between the 
resulting varna and the higher (of the two given varnas of the two 
oomponeni quantities of gold), and also the difference between 
the resulting varna and the lower (of the two given varnas) . The 
result arrived at by means of the operation of proportionate distri¬ 
bution (carried out with the aid of these inversely arranged 
differences),—that (result) gives the required (weights of the 
component quantities of) gold. 


An example in illustration thereof, 

184. If gold of 10 varnas , on being combined with gold of 16 
varnas , produces as result 100 in weight of gold of 12 varnas , give 
out separately (the measures in weight of) the two different 
varieties of gold. 
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The rule for arriving at the (weights of) many (component 
quantities of) gold (of known varnas in a mixture of known varna 
and weight) 

185. (In relation to all the known component varnas) excepting 
one of them; optionally chosen weights may be adopted. Than 
what remains should be worked out as in relation to the previously 
given cases by mjeans of the rule bearing upon the (determination 
of an) unknown weight of gold. 


An example in illustration thereof\ 


186. The (given) varnas (of the component quantities of gold) 
arer5, 6, 7, 8, 11, and 13 (respectively); and the resulting varna 
is in fact 9; and if (the total) weight (of all the component 
quantities) of gold be 60, wbat may be the several measures (in 
weight of the various component quantities) of gold ? 

The rule for arriving at the unknown varnas of two (known 
quantities of gold when the resulting varna of the mixture is 
known):— 

187. Divide one (separately) by the two (given weights of) 
gold ; multiply (separately each of the quotients thus obtained ) by 
(the weight of) the (corresponding quantity of) gold and (also) by 
the (resulting) varna ; write down (both the products so obtained) 
in two (different) places ; (each of these in each of the two sets,) 
if diminished and increased alternately by one as divided by (the 


18t». The rule referred to here is found in stanza 180 above. 

187. The rule will become clear by the following working of the problem in 
stanza 188:— 

16 * 11 and ~~x 10 x n are written down in two places 
16 10 

ii ii 
thna: X1 n 

Then and ~ are added and subtracted alternately in each of the two 


sets thus: 


11 + 16 


f 


~L 

11 - 16 


These give the two sets of answer®. 



JL' 
n + 10 


and 
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known weight of) the corresponding (variety of) gold, gives rise 
as a matter of course, to the required varnas. 

An example in illustration thereof. 

188. If, the (component) varnas not being known, the resulting 
varna obtained by means of two (different kinds of) gold weighing 
16 and 10 (respectively) happens to be 11, what would be the 
(respective) varnas of those two (different kinds of) gold P 

Again, the rule for arriving at the unknown varnas of two 
(known quantities of gold, when the resulting varna of the mixture 
is known) :— 

189. Choose an optional varna in relation to one (of the two 
given quantities of gold); what remains (to be found out) may then 
be arrived at as before. In relation to (the known quantities of 
all) the numerous varieties of gold excepting one, the varnas are 
optional; then (proceed) as before. 

An example in illustration thei'eof. 

190. On fusing together (two different kinds of) gold which 
are 12 and 14 (respectively in weight), the resulting varna- is 
made out to be 10. Think out and say (what) the varnas of those 
two (kinds of gold are). 

An example to illustrate the latter half of the rule . 

191. On fusing together 7, 9, 3, and 10 (in weight respectively 
of four different kinds) of gold, the resulting mixture turns out to 
be (gold of) 12 varnas. Give out the varnas (of the various 
component kinds of gold) separately. 

The rule regarding how to arrive at (an estimate of the value 
of) the test sticks (of gold):— 

192. The varna of every stick is to be separately divided by 
the (given) maximum varna , and (the quotients ho obtained) are 
(all) to be added together. The resulting sum gives (the measure 
of) the required quantity of (pure) gold. From the summed up 
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(weight of all the) sticks, this is to be subtracted. What remains is 
(the quantity of) the prapuranikd (that is, the quantity of the baser 
metal mixed). 

An example in illustration thereof . 

193—196f. (Three) merchants, well acquainted with the varna 
of gold, were desirous of making test sticks of gold, and produced 
(such) golden sticks. The gold of the first (merchant) was of 12 
varnas ; (that of the second was of) 14 varnas ; and that of the 
third was of 16 varnas. The (various specimens of the test 
sticks of) gold in the case of the first (merchant) were (regularly) 
les3 by 1 (in varna) ; those of the second were less by £ and \; and 
those of the third were (in regular order) less by (The speci¬ 
mens of teat gold) possessed by the first (merchant) began with 
that of (his) maximum varna and ended with that of 1 varna ; 
(similarly, those of the second began with that of his maximum 
varna and) ended, with that of 2 varnas ; and those of the third 
merchant (began, with that of his maximum varna and) ended 
with that of 3 varnas. Every test stick is L masa in weight. 0 
mathematician, if you indeed know gold calculation, tell me 
separately and soon what the measure of pure gold here is. and 
what that of the baser metal mixed. 

The rule for arriving at (the different weights of) gold ob¬ 
tained in exchange and characterised by (two given) varnas 

197J. The two differences between, (firstly,) the product of the 
(given weight of) gold to he exchanged as multiplied by the 
(given) varna (thereof) and the product of the weight of gold 
obtained in exchange as multiplied by the (first of the two speci¬ 
fied) varnas (of the exchanged gold)—(and, secondly, between the 
first product above-mentioned and the product of the weight of 


197}. This rnlo will be clear from the following: working of the problem given 
in stanza 1.98} :— 

700 x 16 —1008 x 10, and 1008x12-700x16 are altered in position and 
written down as 89G and 1120; and these, when divided by 12 —10 or 2, give 
rise to the answers, namely, 448 and 560 in weight of gold of 10 and 12 vary** 
respectively. 
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gold obtained in exchange as multiplied by the second of the 
specified varnas of the exchanged gold—these two differences) have 
to be written down. If then, they are altered in position and 
divided by the difference bptween the (two specified) varnas (of 
the two varieties) of the exchanged gold,, the result happens to be 
the (two required) quantities (of the two kinds) of gold (obtained 
in exchange). 

An example in illustration thereof. 

, 198J. Seven hundred in weight of gold characterised by 16 
varnas produces, on being exchanged, 1,008 (in weight) of two 
kinds of gold characterised (respectively) by 12 and 10 varnaa. 
Now, what is the weight (of eaoh of these two varieties) of gold? 

The rule for finding out the (various weights of) gold obtained 
as the result of many (specified) ’lands of exchange :— 

199^. If the (given) weight of gold (to he exchanged) as 
multiplied by the varna (thereof) is divided by (the quantity of) 
the desired gold (obtained in exchange), there arises the uniform 
average varna. On carrying out (further) operations as mentioned 
before, the result arrived at gives the required weights of the 
various kinds of gold obtained in exchange. 

An example in illustration thereof. 

200|~201. In the case of a man exchanging 300 in weight of 
gold characterised by 14 mrnas , the gold (obtained in exchange) 
is seen to bo altogether 500 in weight, (the various parts whereof 
are respectively) characterised by 12, 10, 8 and 7 varnas. What 
is the weight of gold separately corresponding to eaoh of these 
(different) varnas ? 

The rule for arriving at (the various weights of) gold obtained 
in exchange which are characterised by known varnas and are 
(definite) multiples in proportion : — 

202-203. The sum of the (given) proportional multiple num¬ 
bers is to be divided by the sum of the products (obtained) by 

v----- 

199|. The operation whioh in stated here as having been mentioned before 
is what is given in stanza 185 above. 


19 
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multiplying the (given proportional quantities of the various kinds 
of the exchanged) gold by (their respective specified) varnas: 
(The resulting quotient) is to be multiplied by the original varrn 
(of the gold to be exchanged). If by this product as diminished 
by one, the increase (in the weight of gold due to exchange) is 
divided, and the quotient (so obtained) is subtracted from the ori¬ 
ginal wealth of gold, the remaining (weight of unexehanged) gold 
is arrived at. This (weight of the unexehanged gold) is then to 
be subtracted from the sum (of the weight) of the original gold 
and the increase (in weight due to exchange). Then if the result¬ 
ing remainder (here) is divided by the sum of the proportional 
multiple numbers connected v7ith the exchange, and is then 
multiplied by (each of those) proportional numbers (separately), 
the (various weights of) gold obtained in exchange and charac¬ 
terised by the specified vat ms and the specified proportions are 
arrived at. 

An example in illustration thereof . 

204—205. There is a certain merobant desirous of obtaining 
profit; and the gold (in his possession) is of 16 varnas and 200 in 
weight. A portion of it is exchanged in return for (four different 
kinds of) gold characterised respectively by 12, 8, 9 and 10 varnas , 
(so that those varieties of gold are by weight) in proportions which 
begin with 1 and are then (regularly) multiplied by 2. The gain 
(in the weight of gold resulting out of this exchange transaction) 
is 102. What is the remaining (weight of the unexchanged) 
gold P Tell me also the weights of gold obtained in exchange 
corresponding to those (above-mentioned varnas). 

The rule for arriving at (the weight of) the original (quantity 
of) gold with the aid of the gold exchanged (in part), and with the 
aid (of the weight) of gold seen to be in excess (in consequence 
of the exohange) :— 

206. Each specified part of (the original) gold (to he ex¬ 
changed) is divided by the varna corresponding to its exchange. 
(The resulting quotient is in eaoh case to be) multiplied by the 
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optionally chosen varna (of the originally given gold ; and then 
all these products are to be added). From this sum, the sum of 
the (various) fractional (exchanged) parts (of the original gold) 
is to be subtracted. (If now) the observed excess (in the weight of 
gold due to the exchange) is divided by this resulting remainder, 
what comes out here happens to be the original wealth of gold. 

An example in illustration thereof . 

207-208. A certain small ball of gold of 16 varnas belonging 
to a merchant is taken; and J and £ parts thereof are in order 
exchanged for (different kinds of) gold characterised (respectively) 
by 12, 10 and 9 varnas . (The weights of these exchanged varie¬ 
ties of gold are) added to what remains (unexchanged) of the 
original gold. Then 1,000 is observed to be in exoess on removing 
from the account the weight of the original gold. What then is 
(the weight of this) original gold ? 

The rule for arriving at the desired varna with the help of the 
(mutual) gift of a desired fractional part of the gold (owned by the 
other), and also for arriving at the (weights of) gold (respectively) 
corresponding to those optionally gifted parts :— 

209 to 212. One divided by (the numerical measure of each of 
two specifically gifted)|pa.rts is to be noted down in reverse order; 
and (if each of the quotients so obtained is) multiplied by an 


209 — 212. The rule will be clear from the following working of the problem 
in 213-215:— 

Dividing 1 b y j and wo get respectively 2, 3 ; altering thoir position and 
multiplying them by any optionally chosen number, say 1, we got 3, 2. 
Those two numbers represent the quantities of gold owned respectively by the 
two merchants. 

ChooBing 9 as the varna of the gold owned by the first merchant, we can 
easily arrive, from the exchange proposed by him, at 13 as the varna of the gold 
owned by the second merchant. These varnas, 9 and 13, give, in the exchange 
proposed by the second merchant, the average varna of while the average 
varna as given in the sum has to bo 12 or 

Therefore the varnas 9 and 13 have to be altered. If S is chosen in . * nd of 
9, 13 has to bo inoreased to 16 in the first exobange. Using these two 
8 and 16, in the second exchange, we obtain ¥ as the average itorpa* msu a • of 
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optionally chosen quantity, (it) gives rise to (the weights of each 
of the two small) balls of gold. The varna (of each) of these 
(little balls of gold) as also that of the gold gifted by the other 
person (in the transaction) has to he arrived at as before with the 
. aid of the (given) final average varna (in each case)r If in this 
manner both sets of answers (arrived at) happen to tally (with the 
requirements of the problem), the two varnas arrived at in 
accordance with the previously adopted option become the verified 
varnas mentioned in relation to the two (given) little balls of gold. 
If, (however, these answers do) not (tally), the varnas belonging 
to the first set (of answers) have to be made (as the case may be) 
a little less or a little more; (then the average varna corresponding 
to these modified component varnas has to be further obtained). 
Thereafter, the difference between this (average) varna and the 
previously obtained (untallying average) varna is written down; 
(and the required proportionate quantities) are (therefrom) derived 
by means of the operation of the Rule of Three: and the varnas 
(arrived at according to the option chosen before, when respect¬ 
ively) diminished by one of these two quantities and increased 
by the other, turn out to be evidently the required varnas (here). 

An example in illustration thereof, 

213—215. Two merchants well versed in estimating the 
value of gold asked each other (for an exchange of gold). Then 
the first (of them) said to the other— <l If you give me half (of your 
gold), I shall combine that small pellet of gold with my own gold 
and make (the whole become gold of) 10 varnas” Then this other 
said — u If I only obtain your gold by one-third (thereof), 

I shall likewise make the whole (gold in my possession become 


Thus, in the second exchange, we see on increase of 40 — 35 or 5 in the sum 
of the products of weight and varna , while the decrease and the increase in 
relation to the originally chosen vcirna» are 9—8 or X and 10—13 or 3. 

But the required increase in the sum of the products of weight and varfa 
in the second exchange is 36—35 or 1. Applying the Rule of Three, we get the 
corresponding deorease and increase in the varpas to be J and f, 

Therefore, the varnas are 9—1 or 8f and 18 or 13f. 
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gold of) 12 varnaa with the aid of the two pellets.” 0 you, who 
know the secret of calculation, if you possess cleverness in relation 
to calculations bearing upon gold, tell me quickly, after thinking 
out well, the measures of the quantities of gold possessed by both 
of them, and also of the varnaa (of those quantities of gold). 

Thus ends Suvarna-kuttikdra in the chapter on mixed problems 


Yicitra-k uttikava . 

Hereafter we shall expound the Vicitra-kutfikara in the chapter 
on mixed problems. 

The rule in regard to (the ascertaining of)' the number of 
truthful and untruthful statements (in a situation like the one 
given below wherein both are simultaneously possible):— 

216, The number of men, multiplied by the number of those 
liked (among them) as increased by one, and (then) diminished 
by twice the number of men liked, gives rise to the number of 
untruthful statements. The square of the number representing 
all the men, diminished by the number of these (untruthful 
statements), gives rise to the statements that are truthful. 


216. The rationale of this rule will be clear from the following algebraical 
representation of the problem given in stanza 217 below : - 

Let a bo the total number of persons of whom 6 are liked. Che number ot 
utterances is a, and each statement refers to a persons. Hence the total number 
of stutevnents is a x a or a*. 

Now, of these a person*, b ore liked, and « ~ b are not liked. When each 
of the b number of persons is told—“ Yon alone are liked,” the number of 
untruthful statements in each case is 6—1. Therefore, the total number 
of untruthful statements in 6 statements is b (b — 1) ..... I. 

When, again, the same statement is made to each of the a — 6 persons, the 
number of untruthful statements in eaoh case is 6 .+ 1. Therefore, the total 
numbpr of untruthful statements in a — 6 utterances is (a — 6) (6 + 1) . . lb 

Adding I and IX, we got b (b — 1) + (a— 6) (6 + 1) = a (6 + I) — 26. 
This represents the total of untruthful statements ; and on sobtracting.it from 
a 3 , which is £he measure of all the statements, truthful and untruthful, wo 
arrive obviously at the measure of the truthful statements. 
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An example in illustration thereof. 

217. There are five lustful men. Among them three are in 
fact liked by a public woman. She says (separately) to each 
(of them) ‘ I like you (alone)”. How many (of her statements, 
explicit as well as implicit) are true ones ? 

The rule regarding the (possible) varieties of combinations 
(among given things) :•— 

218. Beginning with one and increasing by r one , let the 
numbers going up to the given number of tilings be written down 
in regular order and in the inverse order (respectively) in an 
upper and a lower (horizontal) row. (If) the product (of one, 
two, three, or more of the numbers in the upper row) taken 
from right to left (be) divided by the (corresponding) product 
(of one, two, three, or more of the numbers in the lower row) 
also taken from right to left, (the quantity required in each such 
case of combination) is (obtained as) the result. 

Examples in illustration thereof. 

219. Tell (me) now, 0 mathematician, the combination 
varieties as also the combination quantities of the tastes, viz., the 
astringent, the bitter, the sour, the pungent, and the saline, 
together with tho sweet taste (as the sixth). 

220. 0 friend, you (tell me quickly how many varieties 
there may be, owing to variation in combination, of a (single 
string) necklace made up of diamonds, sapphires, emeralds, corals, 
and pearls. 

221. 0 (my) friend, who know the principles of calculation, tell 
(me) how many varieties there may be, owing to variation in 
combination, of a garland made up of the (following) flowers— 
ketaki , asoka , campakn , and miotpala. 

218. This rule relates*to a problem in combination. The formula given 

here is —I—..!— ! — ’ — ; and tins is obviously equal 

1.2.3, , . < . y 
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The rule to arrive at (the unknown) capital with the aid of 
certain known and unknown profits (in a given transaction) 

222. By means of the operation of proportionate distribution, 
the (unknown) profits are to be determined from the mixod sum 
(of all the profits) minus the (known) profit. Then the capital of 
the person whose investment is unknown results from dividing 
his profit by that (same common factor which has been used in 
the process of proportionate distribution above). 

An example in illustration thereof. 

223-225. According to agreement some three merchants 
carried out (the operation of) buying and selling. The capital of 
the first (of them) consisted of six purdnas , that of the second 
of eight purdnas , but that of the third was not known. The profit 
obtained by all those (three) men was 96 purdnas. In fact the 
profit obtained by him (this third person) on the unknown capital 
happened to be 40 purdnas. What is t,ho amount thrown by him 
(into the transaction), and what is the profit (of each) of the other 
two merchants ? O friend, if you know' the operation of pro¬ 
portionate distribution, tell (me this) after making the (necessary) 
calculation. 

The rule for arriving at tho wages (due in kind for having 
carried certain given things over a part of the stipulated distance 
according to a given rate) :— 

226, From the square of the product (of the numerical value) 
of the weight to be carried and ha2f of the (stipulated distance 


226. Algebraically, the formula given in the rule is 
aI) //a X> $ 

T~V V¥7 ~ ahd (D ~ d ) 


D - d 


where x = wages to be found out, 


a = the total weight to be curried. D = the total distance, d the distance gone 
over, and 6 = tho total wageB promised. It may be noted here that the rate of 
the wages for the two stages of the journey is the same, although tho amount, 
paid for each stage of the jonrney is not in accordance with the promised 
rate for the whole journey. 

The formula is easily derived froxn the following equation containing the 
data in the problem :— 

as £ — x 

ad ~~ U*-») (2>-d), 
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measured in) yojana , subtract the (continued) product of (the 
numerical value of) the weight to be carried, (that of the stipu¬ 
lated) wages, the distance already gone over, and the distance 
still to be gone over. Then, if the fraction (viz., half) of the 
weight to be carried over, as multiplied by the (whole of the 
stipulated) distance, and then as diminished by the square root of 
this (difference above mentioned), be divided by the distance still 
to be gone over, the required answer is arrived at. 

An example in illustration thereof. 

227. Here is a man who is to receive, by carrying 12 jaqk- 
fruits over i yojana , 7J- of them as wages. He breaks down at 
half the distance. What (amount within the stipulated wages) 
is (then) due to him ? 

The rule for arriving at the distances in yojanas (to be 
travelled over) by the second or the third weight-carrier (after the 
first or the second of them breaks down):— 

228. From the product of the (whole) weight to he carried as 
multiplied by the (value of the stipulated) wages, subtract the 
square of the wages given to the first carrier. This (difference has 
to be used as the) divisor in relation to the (continued) product of the 
difference between the (stipulated) wages (and the wages already 
given away), the (whole) weight to bo earned, and the (whole) 
distance (over which the weight has to he carried. The resulting 
quotient gives rise to) the distance to he travelled over by the 
second (person). 

An example in illustration thereof. 

229. A man by carrying 24 jack-fruits over (a distance of) 
five yojanas has to obtain 9 (of them) as wages therefor. When 
6 of these have been given away as wages (to the first carrier), 
what is the distance the second carrie j has to travel over (to 
obtain the remainder of the stipulated wages) i 


= (fr-*) a p . whioh can beeaaily found out from 
a 6— x 2 


228. Algebraically D~~d : 
the equation in the last note. 
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The rule for arriving at (the value of) the wages corresponding 
to the various stages (over which varying numbers of persons 
carry a given weight):— 

230. The distances (travelled over by the various numbers 
of men) are (respectively) to be divided by ths numbers of the 
men that are (doing the work of carrying) there. The quotients 
(so obtained) have to be combined so that the first (of them is 
taken at first separately and then) has (1, 2, and 3, etc., of) the 
following (quotients) added to it. (These quantities so resulting 
are to be respectively) multiplied by the numbers of the men that 
turn away (from the journey at the various stages. Then) by 
adopting (in relation to these resulting products) the process of 
proportionate distribution ( i praksepaka ), the wages (due to the men 
leaving at the different stages) may be found out. 


An example in illustration thereof, 

231-232 Twenty men have to carry a palanquin over (a 
distance of) 2 yojanas , and 720 dindras form their wages. Two 
mew stop away after going over two kronas ; after going over two 
(..lore) kronas, three others (stop away); after going over half of 
the remaining distance, five men stop away. What wages do they 
(the various bearers) obtain ? 

The rule for arriving at (the value of the money contents of) 
a purse which (when added to what is on hand with each of 
certain persons) becomes a specified multiple (of the sum of what 
is on hand with the others) :— 

233-235. The quantities obtained by adding one to (each of v 
the specified) multiple numbers (in the problem, and then) 


233—235. In the problem given in 236—237, let x, y, z represent the moneys 
on hand with the three merchants, and a the money in the purse. 

Then u + x = a (y + is) "l . , J J , .,. , 

, ; . x where a, ft, c represent the multiples 
u + y =*. b (a 4- x) } . ’ ’ r .. y 

; ; given m the problem. 

u + z = t (a? + t/)J ” r 

Now u + x 4- y + z = (a 41) (y + e) 

== (b + 1) (z + ») • 

= (c + l)(*+p). 


20 





■ ' .V, 
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multiplying these sums with each other, giving up in each case 
the sum relating to the particular specified multiple, are to be 
reduced to their lowest terms by the removal of common factors. 
(These reduced quantities are then) to be added. (Thereafter) 
the square root (of this resulting sum) is to be obtained, from which 
one is (to bo subsequently) subtracted. Then the reduced quantities 
referred to above are to be multiplied by (this) square root as 
diminished by one. Then these are to be separately subtracted 
from the sum of those same reduced quantities. Thus the moneys 
on hand with each (of the several persons) are arrived at. These 
(quantities measuring the moneys on hand) have to be added to 
one another, excluding from the addition in each case the value of 
the money on the hand of one of the persons ; and the several sums 
so obtained are to be written down separately. These are (then 


Then, x (y + «) = (&+1) (c + 1) . ..... I. 


where T = « + <r + y + z. 

Similarly, ifitJll j - t .l) ( g .t x (* * + a5 ) =s(c + 1) (<*+l) 
and x (* + 9 ) = (a + 1) (6 +1) 


IT. 

III. 


Adding I, II and III, 


(«+ 1) (6 + 1) (c + 1} nr . \ /L.t\/ i\ 

-—2— - - x 2 (a? + y + z) = (A + 1) (c * 1) 

+ (c + 1) (<z+l) + (a+l) (5 + 1) 

* 8 (say) . IV 

Subtracting separately I, II, III, each multiplied hr 2, from IV, we have— 

(5± x 2(6 + 1) (e + i), 

— x 2y = 8 - 2 (c + IV (a +1), 

i a . + I . ) l b | ', 1 .L( c ± 1 ) x 2s> — S - 2 (n+ 1) (6 + IV. 

.-.K-.y-.t: : S~ 2 (6 + 1) (8 + 1): S~2(e + l)(o+l): S-2 (a+1) (6+1). 

By removing the common factors* if any, in the right-hand side of the pro¬ 
portion, we get at the smallest integral values of w, y , z. 

This proportion is given in the rule as the formula. 

It may be noted that the square root mentioned in the rule has reference 
only to the problem given in the stanzas 236-237. Correctly speaking, instead 
of “ square root”, we must have 4 3 \ 

It can be seen easily that this problem is possible only when the sum of 
any two of is £ reate * tiian tlie third. 
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to be respectively) multiplied by (the specified) multiple quantities 
(mentioned above) ; from the several products so obtained the 
(already found out) values of the moneys on hand are (to be 
separately subtracted). Then the (same)* value of the money 
in the purse is obtained (separately in relation to eaoh of the 
several moneys on hand). 

An example in illustration thereof. 

286-237. Three merchants saw (dropped) on the way a purse 
containing money). One (of them) said (to the others), “ If I 
secure this purse, I shall become twice as rich as both of you with 
your moneys on hand.” Then the second (of them) said, “ I shall 
become three times as rich.” Then the other, (the third), said, 
<c I hall become five times as rich.” What is the value of the 
money in the purse, as also the money on hand (with each of the 
three merchants) ? 

The rule to arrive at the value of the moneys on band as 
also the money in the purse (when particular specified fractions 
of this latter, added respectively to the moneys on hand with each 
of a given number of persons, make their wealth become in each 
case) the same multiple (of the sum of what is on hand) with ail 
(the others);— 

238. The sum of (all the specified) fractions (in the problem) 
—the denominator being ignored—is multiplied by the (speci¬ 
fied common) multiple number. From this product, the products 
obtained by multiplying (each of the above-mentioned) fractional 
parts (as reduced to a common denominator, which is then ignored), 
by the product of the number of oases of persons minus one and 
the specified multiple number, this last product being diminished 

238. The formula given in the rule is— 
x == m (a + b + c) - a (2 m —1),"| where a?, y , z are the moneys on hand, m 
V 1=3171 (**+ & + c) — b (2m - 1), 1 the common multiple, and a, i, c, the 
and % s=z m (a + b + c) — c (2m ~ 1), J specified fractional parts given. 

These values can be easily found out from the following equations:— 

Pa + x =s m (y + z), *] 

Pb + y ss m (z + x), 1 where P is the money in the purse, 
and Pc + * sa= m (« + y) J 
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by one, are (severally) subtracted. The resulting remainders 
constitute the several values of the moneys on hand. The value 
of the money in the purse is obtained by carrying out operations 
as before and then by dividing by any particular specified 
fractional part (mentioned in the problem)- 


An example in illustration thereof* 

239-240. Five merchants saw a purse of money. They said 


one after another that by obtaining -£,y, Vj-, and yfo (respectively) 
of the contents of the purse, they would each become with what 
he had on hand three times as wealthy as all the remaining others 
with what they had on hand together. 0 arithmetician, (you tell) 
me quickly what moneys these had on hand (respectively), and 
what the value of the money in the purse was. 

The rule for arriving at the measure of the money contents of 
a purse, when specified fractional parts (thereof added to what 
may be on hand with one among a number of persons) makes him 
a specified number of times (as rich as all the others with what 
they together have on hand):—- 

241. The specified fractional parts relating to all others (than 
the person in view) are (reduced to a common denominator, which 
is ignored for practical purposes. These are severally) multiplied 
by the specified multiple number (relating to the person in view). 
To these products, the fractional part (relating to the person) in 
view (and treated like other fractional parts) is added. The result¬ 
ing sums are (severally) divided each by its (corresponding 
specified) multiple quantity as increased by one. Then these 
quotients are also added. The several sums (so obtained in relation 


241. The. formula given in the rule ifi— 




b + na b + nc b +• nd 



m + 1 # + * 


and so on; where a?, y f . . . are moneys on hand ; a, 6, c, d, . 

fractional parts ; m t n, q, r, . . . various multiple numbers; and $ the 

number of persons concerned in the transaction. 
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to the several eases) are diminished by the product of the particular 
specified fractional part as multiplied by the number of cases less 
by two. The difference is divided by the particular specified 
multiple quantity as increased by one. The result is the money on 
hand (in the particular case). 

Examples in illustration thereof '. 

242-24*3. Two travellers saw a purse containing money 
(dropped) on the way. One of them said (to^the other), “ By secur¬ 
ing half of this money (in the purse), I shall become twice as rich 
(as you).” The other said, tc By securing two-thirds (of the money 
in the purse), I shall, with the money I have on hand, have three 
times as much money as what you have on hand.” What are the 
moneys on hand, and what the money in the purse? 

244-244£. Two travellers saw on the way a purse containing 
money ; and the first of them took it up and (said, that) that money 
along with the money that he had on hand became twice the 
money of the other (traveller. This) other (said that that money 
in the purse with the aid of what he had on hand would be) three 
times (the money in the hand of the first traveller). What is the 
money on hand (in the ease of each of them), and what the money 
in the purse ? 

245^-247. Four men saw on the way a purse containing money. 
The first among them said, “ If I secure this purse, I shall with 
the money already on hand with me become (possessed of money 
which will be) eight, times (the money on hand with the remaining 
travellers).” Another (said, that the money in the purse with 
what he had on hand) would be nine times the money on hand wuth 
the rest (among them). Another (said that similarly he) would 
be possessed of ten times the money, and another (that he) would 
be possessed of eleven times the money. Tell me quickly, 0 
mathematician, what the money in the purse was and how much 
the money in the hand of eaoh of them was. 

248. Four men saw on the way a purse containing money. 
(Then), with what each of them had on hand, the £, and £ 
parts (respectively) of this (money in the purse) became twice, 
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thrice, five times and four times (that money which the others 
together had on hand. What is the money in the purse, and what 
the money on hand with each of them ?) 

249-250£ Three merchants saw on the way a purse containing 
money. The first among them said, u If I get J of this money 
in the purse, I shall (with what I have on hand) become (possessed 
of) twice (the money on hand with) both of you.” Another said 
that, if he secured part of the money in the purse, ho would 
with the money on hand with him (become possessed of) thrice 
(the money on hand with the others). The third man said, (e If 
I obtain } of this (money in the purse), I shall become possessed 
of four times the money (on hand with both of you).” Tell me 
quickly, 0 mathematician, what the money on hand with each of 
them was, and what was the money in the purse. 

The rule for arriving at the money on hand, which, with the 
moneys begged (of others), becomes a specified multiple (of the 
money on hand with the others) :— 

251^-252^. The sums of the moneys begged are multiplied 
each by its own corresponding multiple quantity as increased by 
one. With the aid of these (products) the moneys on hand are 
arrived at according to the rule given in stanza 241. These 
quantities (so obtained) are reduced so as to have a 6ommon 
denominator. Then they are (severally) divided by the sum as 
diminished by unity of the specified multiple quantities (respect¬ 
ively) divided by (those same) multiple quantities as increased by 
one. (The resulting quotients) themselves should be understood 
to be the moneys on hand v witk the various persons). 


2511 —252 j. Algebraically, 

m J ( a + b) (vi + 1) + m + ( n -f 1) {a + ?>) («t+l) + m (/+ g) (p + 1) 

“l .,.~~ + ~~. -j+i - •• + 

eto.—(*—2) ( a + b) (m+1) j + (m +1) ] + 

(JUL. + Mi-, + Jt _1 'i 

' m + 1 + » + l P+ 1 J 

Similarly for y, », etc. Here a, b t c, d, /, g, are some of money beinted of 
each other. 
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Examples in illustration thereof . ^ \ ■ 

258^-255^-. Three merchants begged money from the hands 
of each other. The first begged 4 from the second and 5 f rom 
the third man. and became possessed of twice the money (then on 
hand with both the others). The second (merchant) begged 4 
from the first and 6 from the third, and (thus) got three times the 
money (held od hand at the time by both the others together). 
The third man begged 5 from the first and 6 from the second, and 
(thus) became 5 times (as rioh as the other two). 0 mathe¬ 
matician, if you know the mathematical process known as dim - 
kutt>ikar{L-mi&a> tell me quickly what may he the moneys they 
respectively had on hand. 

2564-258-$. There were three very clever persons. They 
begged money of each other. The first of them hegged 12 from 
the second and 13 from the third, and became thus 3 times as 
rioh as these two were then. The second of them heggod 10 from 
the first and 18 from the third, and thus became 5 times as rich 
(as the other two at the time). The third man begged 12 from 
the second and 10 from the first, and became (similarly) 7 times 
as rich, Their intentions were fulfilled. Tell me, 0 friend, after 
calculating, what might he the moneys on hand with them. 

The rule for arriving at equal capital amounts, on the last man 
giving (from his own money) to the penultimate man an amount 
equal to his own, (and again on this man doing the same in relation 
to the man who comes behind him, and so on) 

259$. One divided by the optionally chosen multiple quantity 
(in respect of the amount of money to be given by the one to the 
other) becomes the multiple in relation to the penultimate 
man’s amount. This (multiplier) increased by one becomes the 
multiplier of the amounts (in the hands) of the others. The 


269£- Thu rule will bo clear from the following- working of the problem 
given in st. 263$ :— 

1 or 2 is the multiple with regard to tho penultimate mail’s amount; 
this 2 combined with 1, i.e., 3 becomes the multiple in relation to the amoiinta 
of tho other’s. 





amount of the last person (bo arrived at) is to have one added to 
it. This is the process to be adopted. 


Examples in illustration thereof, 

260^-26U. Three sons of a merchant, the eldest, the middle, 
and the youngest, were going out along a road. The eldest son 
gave out of his capital amount to the middle son exactly as ncmoh 
as the capital amount of (that same) middle son. This middle son 
gave (out of his amount) to the last son just as much as he had. 
(In the end), they all became possessed of equal amounts of money. 
0 mathematician, think out and say what amounts they (respect¬ 
ively) had (with them) on hand (to start with). 

262J. There were five sons of a merchant. From the eldest (of 
them) the one next to him obtained as much money as he himself 
had on hand. All others also did accordingly (each one giving to 
the brother next to him as much as he had on hand. In the end) 
they all became possessed of equal amounts of money. What 
were the amounts of money they (respectively) had on hand (to 
start with) P 

263^. Five merchants became possessed of equal amounts of 
money after each of them gave out of his own property to the one 
who wont before him half of what he possessed. Think out and 


Now .1,1. 

Multiplying the penultimate 1 by 2 and the 

other by 3, we got ... . .. 2, 3. 

Adding ] to the last . . 2, 4. 

Write down . 2, 4. 4. 

Multiply the penultimate 4 by 2, and the 
others by 3, and add 1 to the last... ... . 6, 8, 18. 

Again .6, 8, 13, 13. 

Repeating the same operations as above we 
get ... ... ... .. ■ 18* 24, 26, 40. 

54, 72, 78, 80, 121. 

The figures in the last row represent the amounts in the hands of the 5 
merchants. 

Algebraically— 

a — | b = | b - } c 

~ *d = f *-1/ 

= f /» where, a, b, c y d,/are the amounts on hand with the 5 merchants. 
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say what amounts of money they (respectively) had on hand (to 
start with). 

264J. There were six merchants. The elder ones among them 
gave in order, out of what they respectively had on hand, to those 
who were next younger to them exactly two-thirds (of what they 
respectively had on hand). Afterwards, they all became possessed 
of equal amounts of money. What were the amounts of money 
they (severally) had on hand (to start with) ? 

The rule for arriving at equal amounts of money on hand, 
after a number of persons give each to the others among them 
as much as they (respectively) have (then) on hand :— 

265£. One is divided by the optionally chosen multiple quantity 
(in the problem). (To this), the number corresponding to the men 
(taking part in the transaction) is added. The first (man's) amount 
(on hand to start with is thus arrived'at). This (and the results 
thereafter arrived at) are written down (in order), and eaoh of them 
is multiplied by the optional multiple number as increased by one ; 
and the result is then diminished by one . (Thus the money on 
hand with each) of the others (to start with is arrived at). 

Examples in illustration thereof . 

266^. Each of three merchants gave to the others what each of 
these had on hand (at the time). Then they all became possessed 
of equal amounts of money. What are the amounts of money 
which they (respectively) had on hand (to start with) ? 

265$. The rale will be clear from the following working of the problem 
given in st. 266$ 

1, divided by the optionally chosen multiple 1, and increased by the number 
of persons, 3, gives 4; this is the money in the hand of the first man. 

This 4, multiplied by the optionally chosen multiple, 1, as increased bj 
1, becomes 8 j when I is subtracted from this, we get 7, which is the money on 
hand with the second person. 

This 7, again, treated as above, i.e., multiplied by 2 and then diminished 
by 1, gives 13, the money on hand with the third man. 

This solution can be easily arrived at from the following equations :— 

4(a~5-c) = 2 125 - (a - 6 — c) — 2c [ = 4c — 2 (a - 6 — c) 

- f 26 - (a - b - e) - 2cj . 


21 
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267£. There were four merchants. Each of them obtained 
from the others half of what he had on hand (at the time of the 
respective transfers of money). Then they all became possessed 
of equal amounts of money. What is the measure of the money 
(they respectively had) on hand (to start with) ? 

The rule for arriving at the gain derived (equally) from 
success and failure (in a gambling operation) • 

268^-269The two sums of the numerators and denominators 
of the (two fractional multiple) quantities (given in the problem) 
have to be written down one below the other in the regular order, 
and (then) in the inverse order. The((summed up) quantities 
(in the first of these sets of two sums) are to be ixmltipliectaeoording 
to the vajrdpavartana process by the denominator, and (those in 
the second set) by the numerator, (of the fractional quantity) 
corresponding to the other (summed up quantity). I he results 
(arrived at in relation to the first set) are written down in the 
form of denominators, and (those arrived at in relation to the 
second set are written down) in the form of numerators: (and the 
difference between the denominator and numerator in each set is 
noted down). Then by means of these differences the products 
obtained by multiplying (the sum of) the numerator and the 
denominator (of each of the given multiple fractions in the 
problem) with the denominator of the other are (respectively) 
divided. These resulting quantities, multiplied by the value of 
the desired gain, give in the inverse order the measure of the 
moneys on hand (with the gamblers to stake). 

An example in illustration thereof \ 

270--272J-. A great man possessing powers of magical charm 
and medicine saw a cock-fight going on, and spoke separately in 


268|-269l. Algebraically, 

^_(c + d)b _ 

(c + d) b — (a + 6) c 


x p, t find y = 


(a + b)d 


(a 4* b) d — {e + d) a 


x p t where 


to and y are the moneys on hand with the gamblers, and ~ fractional parts 

c 11 

tftken from them, aud p the gain. This follows from x — V = V 8=5 V ““ ~y w ' 
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confidential language to both the owners of the cocks* He said to 
one: 44 If your bird wins, then you give the stake-money to me. 

If, however, you prove unviotorioue, I shall give you two-thirds 
of that stake-money then,” He went to (the owner of) the other 
(cock) and promised to give three-fourths (of his stake-money on 
similar conditions). From both of them the gain to him could be 
only 12 (gold-pieces in each case). You tell me, 0 ornament on 
the forehead of mathematicians, the (values of the) stake-money 
which (each of) the cock-owners had on hand. 

The rule for separating the (unknown) dividend number, the 
quotient, and the divisor fiom their combined sum :— 

273£, Any (suitable optionally chosen) number (which has to 
be) subtracted from the (given) combined sum happens to be. the 
divisor (in question). On dividing, by this (divisor) as increased 
’ by one, the remainder (left after snbtracting the optionally chosen 
number from the given combined sum), the (required.) quotient, is 
arrived at. The very same remainder (above mentioned^as dimi¬ 
nished by (this) quotient becomes the (required dividend) rt^mber.^ 

■' 'S 

An example in illustration thereof ’. x 

274|. A certain unknown quantity is divided by a certain, 
(other) unknown quantity. The quotient here as combined with 
the divisor and the dividend number is 53. What is that divisor, 
and what (that) quotient P 

The rule fox arriving at that number, which becomes a square 
either on adding a known number (to the original number), or 
on subtracting (another) given number (from that same original 
number):— 

275|. The sum of the quantity to be added and the quantity 
to be subtracted is multiplied by one as associated with whatever 
may happen to be the excess above the even number (nearest to 

275-J. Algebraically, let x be the quantity to be found out, and a, b, the 
respective quantities to be added to or subtracted from it; then, the foruinia 


to represent the rule will be £ 


(a + b)-f(l + l)-f-2 


*}- 


+ 1 ± 


a ~ j i 





GANITASlltASA^aRAHA. 

that sum). The resulting produot is (then) halted and (then) 
squared. (From this squared quantity), the (above-referred-to 
possible) excess quantity is subtracted. The result is divided by 
four, and then combined with one. Then the resulting quantity 
is either added to or subtracted from (respectively) by the half of 
the difference between the two given quantities as diminished or 
increased by the odd-making excess quantity (above referred to) 
according as the original given quantity to be subtracted is 
greater or less than the original given quantity to be added. The 
result arrived at in this manner happens to be the (required) 
number, which (when associated as desired with the (given) 
quantities) surely yields the square root (exactly). 

Example* in illustration thereof. 

276J. A. certain number when increased by 10 or decreased by 
17 yields an exact square root. If possible, 0 arithmetician, tell 
me quickly that number. 

277J. A. certain quantity either as diminished by 7, or as 
added to by 18, yields the square root exactly. 0 arithmetician, 
give it out after calculation. 

278J. A certain quantity diminished by §, or again that same 
(quantity) increased by f, yields the square root (exactly). Tell 
me that quantity quickly, 0 arithmetician, after thinking out 
what it may be. 

The rational<> of this may be made out thus :— 

(n -f l) * 2 - »® = 2n + 1, an odd number j and (?? + 2) 2 — w 2 = 4 n + 4, 
an even number j where n is any integer. 

From 2 n + 1, and 4m + 4, the rule shows how we may arrive at n* + a 
when we know 

2 n + 1, or 4 n + 4, to be equal to a + b. 

278-J. Since the quantities represented by b and a in the note on stanza 275£ 
are seen to be fractional in this problem, being actually $ and f, it is necessary 
to have these fractional quantities removed from the process of working out the 
problem in accordance with the given rule. For this purpose they are first 
reduced to the same denominator, and come to bo represented by U and -jftr 
respectively : then these quantities are multiplied by (21) a , so as to yield 294 
and 189, which are assumed to be the b and the a in the problem. The result 
arrived at with these assumed values of b and a is divided by (21)*, and the 
quotient is taken to be the answer of the problem. 
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Tho rule for arriving at the square root of (an unknown) 
Humber as increased or diminished by a known number : 

27^£. The known quantity which is given is first halved and 
(then) squared and then one is added (to it). The resulting 
quantity either when Increased by the desired given quantity or 
when diminished by the (same) quantity yields the square root 
(exactly). 

An example in illustration thereof . 

■28QJ, Here is a number which, when increased by 10 or 
diminished by the same 10, yields an exact square root. Think 
out and tell me that number, 0 mathematician. 

The rule for arriving at the two required square quantities, 
with the aid of those required quantities as multiplied by a 
known number, an<^ also with the aid of (the same known 
number as forming the value of) the square root of the difference 
(between these products) 

2gl|. The given number Is increased by one ; and the given 
number is also diminished by one. The resulting quantities 
when halved and then squared give rise to the two (required) 
quantities. Then if these he (separately)'multiplied by the given 
quantity, the squro root of the difference between these (products) 
becomes the given quantity. 

An example in illustration thereof. 

282*-283. Two unknown squared quantities are multiplied 
by 71. The square root of the difference between these (two 
resulting products) is also 71. 0 mathematician, if you know 

the process of calculation known as citra-kuttzkdra , calculate and 
tell me what (those two unknown) quantities are. 


279$. This is merely a. particular case of the rule given in stanza 275| 
wherein a is taken to be equal to b. 

28X4. Algebraically, when the given number is d, ^ and 

are the required square quantities. 
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The rule for arriving at the required increase or decrease in 
relation to a given multiplicand and a given multiplier (so as to 
arrive at a given product) s—- 

284. The difference between the required product and the 
resulting product (of the given multiplicand and the multiplier) 
is written down in two places. To (one of) the factors (of the 
resulting product) one is added, and (to the other) the required 
product is added. That (difference written above in two posi¬ 
tions as desired) is (severally) divided in the inverse order by 
the sums (resulting thus). These give rise to the quantities that 
are to be added (respectively to the given multiplicand and the 
multiplier) or (to the quantities that are) to be (respectively) 
subtracted (from them). 

Examples in illustration thereof. 

285. The product of 8 and 5 is 15 ; and the required product 
is 18; and it is also L4. What are the quantities to be added 
(respectively to the multiplicand and the multiplier) here, or what 
to be subtracted (from them) ? 

The rule for arriving at (the required result by) the process 
of working backwards:— 

286. To divide where there has been a multiplication, to 
multiply where there has been a division, to subtract where there 
has been an addition, to get at the square root where there has 
been a squaring, to get at the squaring where the root has been 
given—this is the process of working baokwards. 

An example in illustration thereof 1 

287. What is that quantity which when divided by 7, (then) 
multiplied by 3, (then) squared, (then) increased by 5, (then) 


384 The quantities to be added or subtracted are- 


d~ab 


and 


d ~ ab 


d/ + b a + l‘ 

For (a 4- — \ (b it ~~~) = d, where a and b are the given factors, 

\ d + b J A a + 1/ 

and d the required multiple. 
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divided by (then) halved, and then reduced to its square root, 
happens to be the number 5 ? 

The rule for arriving at (the number of arrows in a bundle 
with the aid of the even number of) arrows constituting the 
common circumferential layer (of the bundle);— 

288. Add three to the number of arrows forming the circum¬ 
ferential layer ; then square this (resulting sum) and add again 
three (to this square quantity). If this be further divided by 
12, the quotient beoomes the number of arrows to be found in the 
bundle. 

An example in illustration thereof. 

289. The circumferential arrows are 18 in number. How 

many (in all) are the arrows to be found (in the bundle) within 
the quiver ? 0 mathematician, give this out if you have taken 

pains in relation to the process of calculation known as vicitra - 
huttikara. 

Thus ends vicitra-kuttlkdra in the chapter on mixed problems. 


288. The formula here given to find out the total number of arrows is 

fei?2—i? where n is the number of circumferential arrows. This formula can 
12 

he arrived at from the following considerations. It can be proved geometrically 
that, only six circles can he described round another circle, all of them being 
equal and each of them touching its two neighbouring circles as well 
as the central circle ; that, round these circles again, only twelve circles of the 
same dimension can be described similarly ; arid that round these again, only 
18 such circles are possible, and so on. Thus, the first round has fi circles, the 
second 12, the third 18, and so on. So that the number of circles in any 
round, say p, is equal to 6 p . 

Now, the total number of circles in the given number of rounds p, calculated 
from the cent ral circle, isl+l*6 + 2x6 + 3xfi + . . . + p x 0 = 1 

+ 6 ( 14-2 + 3+ . . . + p) = 1 + 6 ~—2 as: 1 + 3 p (p + 1). If the 

value of 6p is given, say, as », the total number of circles is 1 + 3 x + *)> 

which is easily reducible to the formula given at the beginning of this note. 






168 


qanitasaeasangeaha. 

Summation of Series. 

Hereafter we shall expound in (this) chapter on mixed problems 
the summation of quantities in progressive series. 

The rule for arriving at the sum of a series in arithmetical 
progression, of which the common difference is either positive or 
negative:— 

290. The first term is either decreased or increased by the 
product of the negative or the positiv e common difference and the 
quantity obtained by halving the number of,terms in the series as 
diminished by one. (Then,) this is (further) multiplied by the 
number of terms in the series. (Thus,) the sum* of a series of terms 
in arithmetical progression with positive or negative common 
difference is obtained. 

Examples in illustration thereof. 

291. The first term is 14; the negative common difference is 
3 ; the number of terms is 5. The first term is 2 ; the positive 
common difference is 6 ; and the number of terms is 8. What is 
the sum of the series in (each of) these cases ? 

The rule for arriving at the first term and the common differ¬ 
ence in relation to the sum of a series in arithmetical progression, 
the common difference whereof is positive or negative : 

292. Divide the (given) sum of the series by the number of 
terms (therein), and subtract (from the resulting quotient) the 
product obtained by multiplying the common difference by the 
half of the number of terms in the series as diminished by one . 
(Thus) the first term, (in the series) is arrived at. The sum of the 
series is divided by the number of terms (therein). The first term 
is subtracted (from the resulting quotient); the remainder when 
divided by half of the number of terms in the series as diminished 
by ^ becomes the common difference. 

290. Algebraically, ± a ^ n =s s, where n ia the number of terms, 

a the first term, b the common difference, and s the Bum'of the series. 

g w — 1 , / S \ JL- n 

292. Algebraically, ~ “ -j- & > and & “ a ) • % * 
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Examples in illustration thereof. 

293. The sum of the series is 40 ; the number of terms is 5; 
and the common difference is 3 ; the first term is not known now. 
(Find it out.) When the first term is 2, find out the common 
difference* 

The rule for arriving at the sum and the number of terms in 
a series in arithmetical progression (with the aid of the known 
ldhha } which is the same as the quotient obtained by dividing the 
sum by the unknown number of terms therein);— 

294. The Idbha is diminished by the first term, and (then) 
divided by the half of the common difference; and on adding one 
to this same (resulting quantity), the number of terms in the 
series (is obtained). The number of terms in the series multi¬ 
plied by the Idbha becomes the sum of the series. 

An example in illustration thereof. 

295. (There were a number of utpala flowers, representable as 
the sum of a series in arithmetical progression, whereof) 2 is tho 
first term, and 3 the common difference. A number of women 
divided (these) utpala flowers (equally among them). Each woman 
had 8 for her share. How many were the women, and how 
many the flowers ? 

The rule for arriving at the sum of the squares (of a given 
number of natural numbers beginning with one) :— 

296. The given number is increased by one , and (then) squared ; 
(this squared quantity is) multiplied by two , and (then) diminished 
by the given quantity as increased by one. (The remainder thus 

Tf _ £ 

294. Algebraically,?**s ---* 4~ 1, where l •■== -- 5 which is the Idbha . 

T 

295. The number of women in this problem is conceived to be equal to the 
number of terms in the series. 

f 2 -(*+!)]! 

296. Algebraically, J-—-— -s which ia the sum of the 

squares of the natural numbers up to n . 


22 
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arrived at is) multiplied by the half of the given number. This 
gives rise to the combined sum of the square (of the given 
number), the cube (of the given number), and the sum of the 
natural numbers (up to the given number). This combined sum, 
divided by three , gives rise to the sum of the squares (of the given 
number of natural numbers). 

j Examples in illustration thereof. 

297. (In a number of series of natural numbers), the number 
of natural numbers is (in order) 8, 18, 20, 60, 81, and 36. Tell 
me quickly (in each case) the combined sum of the square (of tine 
given number), the cube (of the given number), and the sum of 
the given number of natural numbers. (Tell me) also the sum of 
the squares of the natural numbers (up to the given number). 

The rule for arriving at the sum of the squares of a number of 
terms in arithmetical progression, whereof the first term, the 
common difference, and the number of terms are given :— 

298. Twice the number of terms is diminished by one, and 
(then) multiplied by the square of the common difference, and is 
(then) divided by six. (To this), the product of the first term 
and the common difference is added. The resulting sum is multi¬ 
plied by the number of terms as diminished by one. (To the 
product so arrived at), the square of the first term is added. This 
sum multiplied by the number of terms becomes the sum of the 
squares of the terms in the given series. 

Again, another rule for arriving at the sum of tho squares of 
a number of terms in arithmetical progression, whereof the first 
term, the common difference, and the number of terms are 
given:— 

299. Twice the number of terms (in the series) is diminished by 
one , and (then) multiplied by the square of the common difference, 
and (also) by the number of terms as diminished by one. This 

298 . j" £ + ab j (« -1) 4* a 2 Jn =» sum of the squares of the terms in 

a series in arithmetical progression. 
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product is divided by six. (To this resulting quotient), the square 
of the first terra and the (continued product ) of the number of terras 
as diminished by one , the first term, and the common difference, 
are added. The whole (of this) multiplied by the number of terms 
becomes the required result. 

Examples in illustration thereof . 

300. (In a series in arithmetical progression), the first term is 
3, the common difference is 5. the number of terms is 5. Give 
out the sum of the squares (of the terms) in the series. (Similarly, 
in another series), 5 is tho first term, 3 the common difference, 
and 7 the number of terms. What is the sum of the squares (of 
the terms) in this series ? 

The rule for arriving at the sum of the oubes (of a given 
number of natural numbers):— 

301. The quantity represented by the square of half the (given) 
number of terms is multiplied by the square of tho sum of one 
and the number of terms. In this (science of) arithmetic, this 
result is said to be the sum of the cubes (of the given number of: 
natural numbers) by those who know the secret of calculation. 

Examples in illustration thereof . 

302. Give out (in each case) the sum of the cubes of (the 
natural numbers up to) 6, 8, 7, 25 and 25(3. 

The rule for arriving at the sum of the cubes (of the terms in 
a series in arithmetical progression), the first term, the common 
difference, and the number of terms whereof are optionally 
chosen:— 

303. The sum (of the simple terms in the given series), as 
multiplied by the first term (therein), is (further) multiplied by tho 

301. Algebraic ally (n +1) 2 = a 8 , which is the sum of the cubes of the 

natural numbers up to n. 

303. Algebraically, Jt: sa (a 6) + a* b = tho sum of the cubes of the terms 
in a series in arithmetical progression, where a = the earn of the simple terms 
of the ssries. The sign of the first term in the formula is + or - according ae 
a > or < 6. 
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difference between the first term and the common difference (in the 
series). (Then) the square of .the sum (of the series) is multiplied 
by the common difference. If the first term is smaller than the 
common difference, then (the first of the products obtained above 
is) subtracted (from the second product). If, however, (the first 
term is) greater (than the common difference), then (the first 
product above-mentioned is) added (to the second product). 
(Thus) the (required) sum of the cubes is obtained. 

Examples in illustration thereof\ 

804. What may be the sum of the cubes when the first term 
is 3, the common difference 2, and the number of terms 5 ; or, 
when the first term is 5, the common difference 7, and the number 
of terms 6 ? 

The rulo for arriving at the sum of (a number of terms in a 
series wherein the terms themselves are successively) the sums of 
the natural numbers (from 1 up to a specified limit, these limiting 
numbers being the terms in the given series in arithmetical 
progression):— 

305~305|-. Twice the number of terms (in the given series in 
arithmetical progression) is diminished by one and (then) multi¬ 
plied by the square of the common difference. This product is 
divided by six and increased by half of the common difference 
and (also) by the product of the first term and the common 
difference. The sum (so obtained) is multiplied by the number of 
terms as diminished by one and then increased by the product 
obtained by multiplying the first term as increased by one by the 
first term itself. The quantity (so resulting) when multiplied by 
half the number of terms (in the given series) gives rise to the 
required sum of the series wherein the terms themselves are sums 
(of specified series). 


305--3054. Algebraically,^ + ?- + cl6 j (w-l) + a (a+ 1) is the 

sum of the series in arithmetical progression, wherein each term represents the 
sum of a series of natural numbers up to a limiting number, which is itself a 
member in a series in arithmetical progression. 
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Examples in illustration thereof . 

306i It is seen that (in a given series) the first term is 6, the 
common difference 5, and the number of terms 18. In relation 
to (these) 18 terms, what is the sum of the sums of (the various) 
series having 1 for the first term and 1 for the common difference. 

The rule for arriving at the sum of the four quantities (speci¬ 
fied below and represented by a certain given number):— 

307}. The given number is increased by one } and (then) 
halved. This is multiplied by the given number and (then) by 
seven . From the (resulting) product, rbe given number is sub¬ 
tracted ; and the (resulting) remainder is divided by three . 
The quotient (thus obtained),when multiplied by the given number 
as increased by one y gives rise to the (required) sum of (the four 
specified quantities, namely,) the sum of the natural numbers 
(up to the given number), the sum of the sums of the natural 
numbers (up to the given number), the square (of the given 
number), and the cube (of the given number). 

Examples in illustration thereof\ 

308|. The given numbers are 7, 8, 9, 10, 16, 50 and 61. 
Taking into consideration the required rules, separately give out 
in the ease of each of them the sum of the four (specified) 
quantities. » 

The rule for arriving at the colleotive sum (of the four different 
kinds of series already dealt with) :— 

309}. The number of terms is combined with three; it is (then) 
multiplied by the fourth part of the number of terms ; (then) one 

n x (n + 1) x 7 __ n 

3071. Algebraically, ——«— L —? -: _ x (n + 1) is the Burn of the 

3 

four quantities specified in the rule. These are (i) the sum of the natural 
numbers up to n $ (ii) the sum of the’sums of the various series of natural numbers 
respectively limited by the various natural numbers up t on; (iii) the square of 
n ; and (iv) the cube of n. 

309J. Algebraically, £ (n + 3) £.'+ 1J (n 2 + n) is the Colleotive slim of the 

sums, namely, of tho sums of the different series dealt with in rules 290, 301, 
305 to 305J above, and also of the sum of the series of natural numbers up to n, 
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is added (thereunto). The (resulting*) quantity when multiplied 
by the square of the number of terms as increased by the number 
of terms gives rise to the (required) collective sum. 

Examples in illustration thereof . 

310|% What would be the (required) collective sum in relation 
to the (various) series represented by (each of) 49, 66, 13, 14, 
and 25 ? 

The rule for arriving at the sum of a series of fractions in 
geometrical progression :— 

31T|. The number of terms (in the series) is caused to be 
marked (in a separate column) by zero and by one (respectively), 
corresponding to the even (value) which is halved and to the 
uneven (value from which one is subtracted, till by continuing these 
processes zero is ultimately reached); then this (representative 
series made up of zero and one is used in order from the last one * 
therein, so that this one multiplied by the common ratio is again) 
multiplied by the common ratio (wherever one happens to be the 
denoting item), and multiplied so as to obtain the square (wher¬ 
ever zero happens to he the denoting item). The result (of this 
operation) is written down in two positions. (In one of them, 
what happens to be) the numerator in the result (thus obtained) 
is divided (by the result itself ; then) one is subtracted (from it) ; 
the (resulting) quantity is multiplied by the first term (in the 
series) and (then) by (the quantity placed in) the other (of the 
two positions noted above). The product (so obtained), when 
divided by one as diminished by the common ratio, gives rise to the 
required sum of the series, 

Examples in illustration thereof . 

312^-313. In relation to 5 cities, (the first term is) dinar a 
and the common ratio is (Pind out the sum of the dindras 
obtained in all of them.) The brat term is i, the common ratio is 


311$. In this rule, tbe numerate** of the fractional common ratio is taken t.o 
he always 1. See stanza 04, Ch. II and the note thereunder. 
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and 7 is the number of terms. If yon are acquainted with 
calculation, then tell me quickly what the sum of the series of 
fractions in geometrical progression here is. 

The rule for arriving at the sum of a series in geometrical 
progression wherein the terms are either increased or decreased 
(in a specified maimer by a given known quantity) :— 

314. The sum of the series in (pure) geometrical progression 
(with the given first term, given common ratio, and the given 
number of terms, is written down in two positions) ; one (of these 
sums so written down) is divided by the (given) first term. 
From the (resulting) quotient, the (given) number of terms is 
subtracted. The (resulting) remainder is (then) multiplied by the 
(given) quantity which is to be added to or to be subtracted (from 
the terms in the proposed series). The quantity (so arrived at) 
is (then) divided by the common ratio as diminished by one. (The 
sum of the series in pure geometrical progression written down in) 
the other (position) has to be diminished by the (last) resulting 
quotient quantity, if the given quantity is to be subtracted (from 
the terms in the series). If, however, it is to be added, (then the 
sum of the series in geometrical progression written down in the 
other position) has to be increased by the resulting quotient 
(already referred to. The result in either case gives the required 
sum of the specified series). 

Examples in illustration thereof. 

315. The common ratio is 5, the first term is 2, and the 

quantity to be added (to the various terms) is 3, and the number 
of terms is 4. 0 you who know the secret of calculation, think 

out and tell me quickly the sum of the series in geometrical 
progression, wherein the terms are increased (by the specified 
quantity in the specified manner). 


314. Algebraically, -j- - n ^ m (r - 1) + s is the sum of the series of 

the following form : a, ar ^ w, (ar i m) r | (ar tn) r i m j r ^ m } 
Ufld so ou, 
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316* The first term is 3, the common ratio is 8, the quantity 
to be subtracted (from the terms) is 2, and the number of terms is 
10. 0 you mathematician, think out and tell me quickly what 

happens to be here the sum of the series in geometrical progression, 
whereof the terms axe diminished (by the specified quantity in the 
specified manner). 

The rule for arriving at the first term, the common difference 
and the number of terms, from the mixed sum of the first term, 
the common difference, the number of terms, and the sum (of a 
given series in arithmetical progression):— 

317. (An optionally chosen number representing) the number 
of terms (in the series) is subtracted from the (given) mixed sum. 
(Then) the sum of the natural numbers (beginning with one and 
going up to) one less than this optionally chosen number is 
combined with one. By means of this as the divisor (the remainder 
from tho mixed sum as above obtained is divided). The quotient 
here happens to be the (required) common difference; and the 
remainder (in this operation of division) when divided by. the 
(above optionally chosen) number of terms as increased by one 
gives rise to the (required) first term. 

An example in illustration thereof , 

318. It is seen here that the sum (of a series in arithmetical 
progression) as combined with the first term,the common difference, 
and the number of terms (therein) is 50. O you who know 
calculation, give out quickly the first term,the common difference, 
the number of terms, and tho sum of the series (in this case). 

The rule for arriving at the common limit of time when one, 
who is moving (with successive velocities representable) as the 
terms in an arithmetical progression, and, another moving with 
steady unchanging velocity, may meet together again (after start¬ 
ing at the same instant of time): 


317. Se» stanzas 80—82 in Ch, II and the note relating to them. 
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319. The unchanging' velocity is diminished by the first term 
(of the velocities in series in arithmetical progression), and is 
(then) divided by the half of the common difference. On adding 
one (to the resulting quantity), the (required) time (of meeting) 
is arrived at. (Where two persons travel in opposite directions, 
each with a definite velocity), twice (the average distance to be 
covered by either of them) is the (whole) way (to be travelled). 
This when divided by the sum of their velooiti.es gives rise to the 
time of (their) meeting. 

An example in illustration thereof 

320. A certain person goes with a velocity of 3 in the beginning 
increased (regularly) by 8 as the (successive) common difference. 
The steady unchanging velocity (of another person) is 21. What 
may be the time of their meeting (again, if they start from the 
same place, at the same time, and move in tho same direction) ? 

An example in illustration of die latter half {of the rule given in 
the stanza above ). 

121-321!. One man travels at the rate of 6 yojanas and another 
at the rate of 3 yojanas . The (average) distance to be covered by 
either of them moving in opposite directions is 108 yojanas . 0 

arithmetician, tell me quickly what the time of their meeting 
together is. 

The rule for arriving at the time and distance of meeting to¬ 
gether, (when two persons start from the same place at the same time 
and travel) with (varying) velocities in arithmetical progression. 

322$-* The difference between tho two first terms divided by 
tho difference between the two common differences, when multiplied 
by two and increased by one, gives rise to the time of coming 
together on the way by the two persons travelling simultaneously 
(with two series of velocities varying in arithmetical progression). 

310. Algebraically, (v-a) + 1 = /, where v Is the unchanging velocity, 

and t the time. 

322£. Algebraically, n =» * 2 + 


23 
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An example in illustration thereof. 

323|. A person travels with velocities beginning with 4, and 
Increasing (successively) by the common difference of 8. Again, 
a second person travels with velocities beginning with 10, and 
increasing (successively) by the common difference of 2. What is 
the timo of their meeting ? 

The rule for arriving at the time of meeting of two persons 
(starting at the same time and travelling in the same direction with 
varying velocities in arithmetical progression), the common differ¬ 
ence (in the one case) being positive, and (in the other) negative 

324 J. The difference between the two first terms is divided by 
half of the sum of the numbers representing the two (given) 
common differences, and (then) one is added (to the resulting quan¬ 
tity). This becomes the time of meeting on the way by the two 
persons (starting at the same time and) travelling simultaneously 
(with velocities in arithmetical progression, the common difference 
in the one case being positive and in the other negative). 

An example in illustration thereof. 

825j. The first man travels with velocities beginning with 5, 
and increased (successively) by 8 as the common difference. In 
the case of the second person, the commencing velocity is 45, and 
the common difference is minus 8. What is the time of meeting ? 

The rule for arriving at the time of meeting of two persons, 
(starting at different times and) travelling (respectively) with a 
quicker and a less quick velocity (in the same direction):— 

826j. Be who travels less quickly and he who travels more 
quickly—both move in the same direction. What happens to 
be the distance to be overtaken here is divided by the difference 
between those (two) velocities. Iu the course of the number of 
days represented by the quotient (here), the more quickly moving 
person goes to the less quickly moving one. 


324Compare this with the rule given in 322$ above. 
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An example in illustration thereof '. 

327 J. A certain person travels at the rate of 9 yojanas (a day) ; 
and 100 yojanas have already been gone over by him. Now, a 
messenger sent after him goes at the rate of V6 yojanas (a clay). 
In how many days will this (messenger) meet him ? 

The rule for working out the circumferential number of 
arrows in the quiver with the aid of the (given) uneven number 
of arrow’s (contained in the quiver ; and vice versa ) :— 

328j. The number of the circumferential arrows is increased 
by three and (then) halved. This is squared and (then) divided 
by three . On adding one (to the resulting quantity), the num¬ 
ber of arrows (in the quiver) is obtained. When, however, the 
number of the circumferential arrows has to be arrived at, the 
reverse process is (to he adopted in relation to these operations). 

Examples in illustration thereof . 

329j. The circumferential number of the arrows is 9. Their 
total number, however, is not known. (What is that P). The 
total number of arrows (in the quiver) is 13. Tell me, 0 arith¬ 
metician, the number of the circumferential arrows also in this 
case. 

The rule for arriving at the number of bricks to be found in 
structures made up of layers (of bricks one over another) :• — 

330^. The square of the number of layers is diminished by 
one , divided by three , and (then), multiplied by the number of 
layers, On adding (to the quantity so obtained) the product, 
obtained by multiplying the optionally chosen number (represent¬ 
ing the bricks in the topmost layer) by the sum of the (natural 
numbers beginning with one and going up to the given) number 
of layers, the required answer is obtained. 

330£. Algebraically, ’h™.* x n + a K is the total number of 

o 2 

bricks in the structure, where n is the nnmber of layers, and a the optionally 
chosen number of bricks in the topmost layer. The number of bricks along 
the length or breadth of any layer is one less th&n the same in the immediately 
lower layer. 
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Examples in Ulustration thereof . 

331$. There is constructed an equilateral quadrilateral structure 
consisting of 5 layers. The topmost laj r er is made up of 1 brick. 
0 you who know the calculation of mixed problems, toll me how 
many bricks there are (hero in all). 

832$. There is a structure built up of successive layers of bricks, 
which is in the form of the nandydvarta. There are 4 layers 
built symmetrically with 60 (as the numerical measure of the 
top-bricks in single row). Tell me how many are all the bricks 
(here). 

Rules regarding the six things to be known in the science of 
prosody 

883$-336$ (The number of syllables in a given syllabic metre 
or chandm is caused to be marked in a separate column) by zero and 


332$. The nandydvarta figure referred to in the stanza is 

333$—330$. As each syllable found in a lino forming a quarter of a stanza 
may be short or long, there arises a number of varieties corresponding to the 
different, arrangements of long and short syllables. In arranging these 
varieties, a certain order is followed. The rules given here enable ns to find 
out (1) the number of varieties possible in a metre consisting of a specified 
number of syllables, (2) the manner of arrangement of the syllables in these 
varieties, (3) the arrangement of the syllables in a variety specified by its 
ordinal position, (4) the ordinal position of a specified arrangement of 
syllables, (6) the number of varieties containing a specified number of long 
or short syllables, and (6) the amount of vertical space required for exhibiting 
the varieties of a particular metre. 

The rules will become clear from the following working of the problems 
given in stanza 337$ ; — 

(1) There are 3 syllables in a metre j now, we proceed thus *. 

Now, multiplying bv 2 the figures in the 

2 

right-hand chain, we obtain 0. By the prooess of 
2 

multiplication and squaring, as explained in the 
note to stanza 94, Oh. IT, we get 8 j and this is the 
number of varieties. 

(2) The manner of arrangement of the syllables in each variety is arrived 
at tkas:— 

1 st variety : 1, being orld, denotes a long syllable ; so the first syllable is 
long, Add 1 to this 1, and divide the sum by 2} the 
quotient is odd, and denotes another long syllable. Again, 
1 is added to this quotient 1, and divided by 2 ; the result, 


3 - I l 

2|2 J 0 

i-x i 

o" ~~ 
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by one (respectively), corresponding to the even (value) which is 
halved, and the uneven (value from which one is subtracted, till 
by continuing these processes zero is ultimately reached. 1 he 
numbers in the chain of figures so obtained are) all doubled, (and 
then in the process of continued multiplication from the bottom to 
the top of the chain, those figures which come to have a zero above 
them) are squared. The (resulting) product (oi this continued 
multiplication) gives the number (of the varieties oi stanzas possible 
in that syllabic metre or chandas). 

The arrangement (of short and long syllables in all the varie¬ 
ties of stanzas so obtained) is shown to be arrived at thus: 
(The natural numbers commencing with one and ending with 
the measure of the maximum number of possible stanzas in the 
given metre being noted down), every odd number (therein) has 
one added to it, and is (then) halved. (Whenever this process 
is gone through), a long syllable is decidedly indicated. W here 

again odd, denotes a third long syllable. Thus the first 
variety consists of three long syllables, and is indicated 
thus / '( t * 

2nd variety : 2, being even, indicates a short syllable • when this 2 ii* 
divided by 2, the quotient is 1, which being odd indicates 
a long syllable. Add 1 to this 1, and divide tho sum by 2 j 
the quotient being odd indicates a long syllable ; thus \*e 
get | I i. 

Similarly the other six varieties are to be found oat. 

(3) The fifth variety, for instance, may be found out as above. 

(4) To find out, for instance, the ordinal position of the variety, | l | 

wo proceed thus , 

Below these syllables, write down the terms of a series in geometrical pro¬ 
gression, having 1 as the first term and 2 as the common ratio. Add the 
j } j figures 4 and 1 under the the short syllables, and increase the sum by 1 j 
12 4 wo get Q : and we, therefore, say that this is the sixth variety in the 
tri-syllabic metre. 

^5) Suppose the problem is : How many varieties contain 2 short syllables r 
Write down the natural numbers in the regular and in the inverse order, one 

below the other thus : Taking two terms from right to left, both from 

above and from below, we divide the product of the former by the pioduct o! 
the latter. And the quotient 3 is the answer required . 

(6) It is prescribed that the symbols representing the long and short syllables 
of any variety of metre should occupy fin avgula of vortical space, ami that 
the intervening space between any two varieties should also be an a^gula. lhe 
amount, therefore, of vertical space required for the 8 varieties of this 
metre is 2x8-1 or 15 avgulus, 
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the number is even, it is (immediately) halved and this indicates 
a short syllable. In this manner, the process (of halving with or 
without, the addition of one as the case may be, noting down at 
the same time the corresponding long and short syllables as 
indicated), is to be regularly carried on (till the actual number of 
syllables in the metre is arrived at in each case). 

(If the number representing in the natural order any given 
variety of a stanza), the arrangement of the syllables wherein has 
to be found out, (happens to he even, it) has to be halved, and 
indicates a short syllable. (If it happens to be however odd), 
one lias to be added to it, and (then) it is to be halved : and this 
indicates a long syllable. Thus (the long and short syllables have 
to be put down over and over again (in their respective positions), 
till the maximum number of syllables in the stanza is arrived at. 
This gives the arrangement (of long and short syllables in the 
required variety of the stanza). 

Where (a stanza of a particular variety is given, and) its 
ordinal position (among the varieties of stanzas possible in the 
metre) is to be found out, the terms (of a series in geometrical 
progression) commencing with one and having tiro as the common 
ratio are written down, (the number of terms in the series being 
equal to the number of sy llables in the given metre. Above these 
terms, the corresponding long or short syllables are noted down). 
Then the terms (immediately) below the position of short syllables 
are all added; the sum (so obtained) is increased by one . (This 
gives the required ordinal number.) 

Natural numbers commencing with one, and going up to the 
number (of syllables in the given metre), are written down in the 
regular and in the inverse (order in two rows) one below the other. 
When the numbers in the row are multiplied (1, 2, 3 or more at 
a time) from the right to the left, and the products (so obtained 
in relation to the upper row) are divided by the (corresponding) 
products (in relation to the lower row), the quotient represents 
the result of the operation intended to arrive at (the number of 
varieties of stanzas in the given metre, with 1, 2, 3 or more) short 
or long syllables (in the verso). 
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The possible number (of the varieties of stanzas in the given 
metre) is multiplied by two and (then) diminished by one. This 
result gives (the measure of what is called) adhvan , (wherein an 
interval equivalent to a stanza is conceived to exist between every 
two successive varieties in the metre). 

Examples in illustration thereof. 

337|. In relation to the metre made up of 3 syllables, tell me 
quickly the six things to be known —viz., (1) the (maximum) 
number (of possible stanzas in the metre), (2) the manner of 
arrangement (of the syllables in those stanzas), (3) the arrange¬ 
ment of the syllables (in a given variety of the stanza, the ordinal 
position whereof among the possible varieties in the metre is 
known), (4) the ordinal position (of a given stanza), (5) the 
number (of stanzas in the given metre containing any given 
number) of short or long syllables, and (6) the (quantity known 
as) adhvan. 

Thus ends the process of summation of series in the chapter 
on mixed problems. 

Thus ends the fifth subject of treatment, known as 
Mixed Problems, in Sarasaiigraha, which is a work 
on arithmetic by Mahaviracarya. 
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CHAPTER VII. 

CALCULATION RELATING TO THE MEASUREMENT 
OF AREAS. 

1. For the accomplishment of the object held in view, I bow 
again and again with true earnestness to the most excellent 
Siddhas who have realized the knowledge of all things. 

Hereafter we shall expound the sixth variety of calculation 
forming the subject known by the name of the Measurement of 
Areas . And that is as follows :— 

2. (The measurement of) area has been taken to be of two 
kinds by Jina in accordance with (the nature of) the result, 
namely, that which is (approximate) for practical purposes and 
that which is minutely accurate. Taking this into consideration, 
I shall clearly explain this subject. 

3. (Mathematical) teachers, who have reached the other shore 
of the ocean of calculation, have given out well (the various kinds 
of) areas as consisting of those that are trilateral, quadrilateral aud 
eurvi-linear, being differentiated into their respective varieties. 

4. A trilateral area is differentiated in three ways; a quadri¬ 
lateral one in five ways; and a curvi-linear one in eighiways. 
All the remaining (kinds of) areas are indeed variations of the 
varieties of these (different kinds of areas). 

5. Learned men say that the trilateral area may be equilateral, 
isosceles or scalene, and that the quadrilateral area also may be 

5 and 6. The various kinds of enolosed areas mentioned in these st anzas are 
illustrated below:— 


I 



Samatribhuja = Equilateral 
trilateral figure. 


p visarnatribhuja = Vi^amatribliuja = Scalene 
Isosceles trilateral trilateral figure. 


figure 


j 
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equilateral* equi-dichaafcic, equi-bilateral, equi-trilateral and in¬ 
equilateral. 




Samacatura6ra -•= Equilateral 
quadrilateral. 


DvidvisamacafcuraSra *» Equi-dicbastic 
quadrilateral. 



Dyisamacatura6ra = Equi-bilateral Trisamacaturafira ■» Equi*trilaterol 
quadrilateral. quadrilateral. 



Visamacatura6ra=: Inequilateral 
quadrilateral. 



Samavrtta = Circle. 





Ayatayftta = Ellipse. 
24 
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6. (The curvi-linear area may be) a circle, a semicircle, an 
ellipse, a conchiform area, a concave circular area, a convex 
circular area, an out-lying annulus or an in-reaching annulus. 


KambukavrUa « conchiform Nimnavrtta = concave 

circular area. 


UrmatavyUa = convex 
circular area. 


area. 


AntaScakrav&lavrttft = In- 
reaching annulus. 

From a consideration of the rules given for the measurement of the dimen¬ 
sions and areas of quadrilateral figures, it has to be concluded that all the 
quadrilateral figures mentioned in this chapter are cyclic. Henco an equilateral 
quadrilateral is a square, an equidichastie quadrilateral is an oblong; and cqui- 
bilateral and equi-trilateral quadrilaterals have their topside parallel to the base^ 


Bahi^cakravalavrtfca 

annulus* 
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Calculation relating to approximate measurement 


(of areas), 


The rule for arriving at the (approximate) measure of the 
areas of trilateral and quadrilateral fields :— 

7. The product of the halves of the sums of the opposite sides 
becomes the (quantitative) measurement (of the area) of trilateral 
and quadrilateral figures. In the case of (a figure constituting a 
circular annulus like) the rim of a wheel, half of the sum of the 
(inner and outer) ciicuinferences multiplied by (the measure of) 
the breadth (of the annulus gives the quantitative measure of the 
area thereof). Half of this result happens to be here the area of 
(a figure resembling) the orescent moon. 


Examples in illustration thereof. 


8. In the case of a trilateral figure, 8 dandas happen to be the 
measure of the Bide, the opposite side and the base; tell me 
quickly, after calculating, the practically approximate value (of the 
area) thereof. 

9. In the case of a trilateral figure with two equal sides, the 
length (represented by the two sides) is 77 dandas ; and the 
breadth (measured by the base) is 22 dandas associated with 2 
hastas. (End out the area.) 


7. A trilateral figure is here conceived to be formed by making the topside, 
i.e., the side opposite to the base, of a quadrilateral so small as to be negleoted. 
Then the two lateral sides of the trilateral figure become the opposite sides, 
the topside being taken to be nil in value. H ence it is that, the rule speaks 
of opposite sides even in the case of a trilateral figure. 

As half the sum of the two sides of a triangle is, in all cases, bigger than the 
altitude, the value of the area arrived at according to this rule cannot be accu¬ 
rate in any instance. 

In regard to quadrilateral figures the value of the area ariived at accord¬ 
ing to this rule can be accurate in the case of a square and an oblong, but only 
approximate in other cases. 

Nemi is the area enclosed between the circumferences of two concentric 
circles ; and the rule here stated for finding out the approximate measure of the 
area of a Nemiksetra happens to give the accurate measure thereof. 

In the case of a figure resembling the crescent moon, it is evident that the 
result arrived at according to the rule gives only an approximate measure of 
the area. 
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10. In the case of a scalene trilateral figure, one side is 13 dandas , 
the opposite side is 15 dandas ; and the base is 14 danqtm. So what 
is the quantitative measure (of the area) of this (figure) ? 

11. In the case of a figure resembling (the medial longitudinal 
section of) the tusk of an elephant, the length of the outer curve 
is seen to be 88 dandas ; that of the inner curve is (seen to be) 
72 dandas; the measure of (the thickness at) the root of the tusk 
is 30 dandas. (What is the measure of the area ?) 

12. In the case of an equilateral quadrilateral figure, the sides 
and the opposite sides (whereof) are each 60 dandas in measure, 
you tell me quickly, 0 friend, the resulting (quantitative) measure 
(of the area thereof). 

13. In the case of a longish quadrilateral figure here, the length 
is 01 dandas , the breadth is 32. Give out the practically approxi¬ 
mate measure (of the area thereof). 

14. In the case of a quadrilateral with two equal sides, the 
length (as measured along either of the equal sides) is 67 dandas , 
the breadth of this figure is 38 dandas (at the base) and 33 dandas 
(at the top. What is the measure of the area of the figure ?) 

15. In the case of a quadrilateral figure with three equal 
sides, (each of these) three sides measures 108 dandas , the (remain¬ 
ing side here called) mukha or top-side measures 8 dandas and 3 
hastas. Accordingly, tell me, 0 mathematician (the measure of 
the area of this figure). 

16. In the case of a quadrilateral the sides of which are all 
unequal, the side forming the base measures 38 dandas , the side 
forming the top is 32 dandas : one of the lateral sides is 50 dandas 
and the other is 60 daniias. What is (the area) of this (figure) ? 

17. In an annul us, the inner circular boundary measures 30 
dandas ; the outer circular boundary is seen to be 300. The breadth 


11. The shape of the figure mentioned in this stanza 
seems to bo what is given here in the margin: it is 
intended that this should be treated as a trilateral figure, 
and that the area thereof should be found oat in accordance 
with the rule given in relation to trilateral figures. 
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of the annulus is 45. What is the calculated measure of the area 
of (this) annulus ? 

18. In the case of a figure resembling the orescent moon, the 
breadth is seen to be 2 hastas > the outer curve 68 haslets, and 
the inner curve 32 hastas . Say what the (resulting) area is. 

The rule for arriving at the (practically approximate value of 
the) area of the eirole :— 

19. The (measure of the) diameter multiplied by three is the 
measure of the circumference ; and the number representing the 
square of half the diameter, if multiplied by three , gives the 
(resulting) area in the ease of a complete circle. Teachers say 
that, in the case of a semicircle, half (of these) give (respectively) 
the measure (of the circumference and of the area). 

Examples in illustration thereof . 

20. In the case of a circle, the diameter is 18. What is the 
circumference, and what the (resulting) area (thereof) ? In the 
case of a semicircle, the diameter is 18 : tell me quickly what the 
calculated measure is (of the area as well as of the circum¬ 
ference). 

The rule for arriving at (the value of) the area of an elliptical 
figure : — 

21. The longer diameter, inoreased by half of the (shorter) 
diameter and multiplied by two , gives the measure of the cir¬ 
cumference of the elliptical figure. One-fourth of the (shorter) 
diameter, multiplied by the circumference, gives rise to the 
(measure of the) area (thereof). 


19. The approximate character of the measure of the circumference as well 
as of the area as given here is due to the value of ir being taken as 3. 

21. The formula given for the circumference of an ellipse is evidently 
an approximation of a different kind. The area of an ellipso is i r. a.b, where 
a and b are the semi-iaxes. If n is taken to be equal to 3, then n. a.b, = 3 a-.b. 
But the formula given in the stanza makes the area equal to 2ab +• b‘2. 
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An example in illustration thereof. 


22. In the ease of an elliptical figure the (shorter) diameter is 
12, and the longer diameter is 36. What is the circumference and 
what is the (resulting) area (thereof) P 

The rule for arriving at the (resulting) area of a conchiform 
curvilinear figure:— 

23. In the case of a conchiform curvilinear figure, the 
measure of the (greatest) breadth diminished by half the measure 
of the mouth and multiplied by three gives the measure of the 
perimeter. One-third of the square of half (this) perimeter, 
increased by three-fourths of the square of half the measure of the 
mouth, (gives the area). 


An example in illustration thereof . 


24. In the case of a conchi-form figure the breadth is 18 hastas, 
and the measure of the mouth thereof is 4 ( hastas ). You tell me 
what the perimeter is and what the calculated area is. 

The rule for arriving at the (resulting) area of the concave 
and convex circular surfaces:— 

25. Understand that one-fourth of the circumference multiplied 
by the diameter gives rise to the calculated (resulting) area. 
Thence, in the case of concave and convex areas like that of a 

23. If a is the diameter and m is the measure of the mouth, then 3 (a — | m) 

m mm .H l ■ . I \ iUU '" * 

is the measure of the circumference ; and 



U the measure of the area. The exact shape of the fignre is not clear from the 
description given ; but from the values given for the circumference and the area, 
it may be conceived to consist of 2 unequal semicircles placed so that their 
diameters coincide in position as shown in figure 12, given in the foot-note to 
stanza 6, in this chapter. 

25. The area here specified seems to he that of the surface of the segment of a 
sphere ; and the measure of the area is stated to be, when symbolically represented, 

equal to ^ x d, where c is the oireumferenoe of the sectional circle, and d is 

the diameter thereof. Bub the area of the surface of a spherical segment of 
this kind is equal to 2 v. r.h, w here r is the i adius of the sectional circle and 
h is the height of the spherical segment. 
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sacrificial fire-pit and like that of (the back of) the tortoise, (the 
required result is to be arrived at). 

As example in illustration thereof . 

26. In the case of the area of a sacrificial fire-pit the measure 
of the diameter is 27, and the measure of the circumference is 
seen to be 56. What is the calculated measure of the area of 
that same (pit) ? 

An example about a convex circular surface resembling (the 
back) of a tortoise. 

27 The diameter is 15, and the circumference is seen to be 
36. In the case of this area lesembling the (back of a) tortoise, 
what is the practically approximate measure as calculated ? 

The rule for arriving at the practically approximate value of 
the area of an in-lying annular figure as well as of an out-reaching 
annular figure:— 

28. The (inner) diameter increased by the breadth (of the 
annular area) when multiplied by three and by the breadth (of the 
annular area) gives the calculated measure of the area of the out- 
reaching annular figure. (Similarly the measure of the calculated 
area) of the in-lying annular figure (is to be obtained) from the 
diameter as diminished by the breadth (of the annular area). 

Examples in illustration thereof . 

29. The diameter is 18 hastas , and the breadth of the out- 
reaching annular area is 3 in this case : the diameter is 18 hastas 
and again the breadth of the in-lying annular area is 3 hastas. 
What may be (the area of the annular figure in each case) ? 


28. The shape of the as well as of the 

is identical with the shape of the mentioned in the note to stanza 7 in this 

chapter. Hence the rule given for arriving at the area of all these figures works 
out to he the same practically. 
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The rule for arriving separately at the numerical measures of 
the circumference, of the diameter, and of the area of a circular 
figure, from the combined sum obtained by adding together the 
approximate measure of its area, the measure of its circumference 
and the measure of its diameter 

30. In relation to the combined sum (of the three quantities) 
as multiplied by 12, the quantity thrown in so as to be added is 64. 

Of this (second) sum the square root diminished by the square 
root of the quantity thrown in gives rise to the measure of the 
circumference. 

An example in illustration thereof* 

31. The combined sum of the measures of the circumference, 
of the diameter and of the area (of a circle) is 1116. Tell me , 
what the (measure of the) circumference is, what (that of) the 
calculated area and what (of) the diameter is. 

The rule for arriving at the practically approximate value of 
surface-areas resembling (the longitudinal sections of) the yava 
grain, (of) the mardala , (of) the panava, and (of) the vajra :— 

32. In the case of areas shaped in the form of the yava 
grain, of the rKUraja, of the panava and of the vajra , the 

SO. ^This rule will bo clear from the following algebraical representation.:— 
Let c be tbe circumference of the circle. As w is taken to be equal to 3, 

£, is the diameter and 3 is the area of the oircle. If m stands for the 
3 36 

combined sum of the circumference, the diameter an d the area o f the circle, then 
the rule given in the stanza to the effect that c= w + 64— \/64 may be 
easily arrived at from the quadratic equation containing the data in the 

g £ 2 

problems- c + 3 = 


32. Mu-raja means the same thing as mardala and mrdanga. The shape of 
the various figures mentioned in this stanza is as follows t 



Yavakarak?6txa, Mura]5karak§6tra. Papavakarakefttra. Vajrakarak§6tra, 
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(require dmeasurement of) area is that which results by multi¬ 
plying half the sum of the end measure and. the middle measure 
by the length. 

Examples in illustration thereof. 

33. In the case of an area resembling the configuration of 
a yava grain, the length is 80 and the breadth in the middle is 
40. Tell me, what may be the calculated measure of that area ? 

34. Tell (me what may be the calculated measure of the area) 
in relation to a field which has the outline configuration of the 
mrdanga , and of which the length is 80 dandas , the end measure 
is 20 and the middle measure is 40 dandas . 

35. Jn the case of a field having the outline of the panava , 
the length is 77 dandas, the measure of each of the two ends is 8 
dandas, and the measure in the middle is 4 dandas. (What is the 
measure of the area ?) 

36. Similarly in the ease of a field having the outline of the 
vajra, the length is 96 dandas , in ttyemiddle there is the middle 
point; and at the ends the measure is 13-£ dandas. (What is the 
measure of the area ?) 

The rule for arriving at the measure of areas *euch as the 
ubhaya-ni§edha or di-defioient area:— 

37. On subtracting the product of the length into half the 
breadth from the product of the length into the breadth, you 


The measures of the area arrived at according to the rule given in this stanza 
are approximately correct in the case of all the figures, as the rule is based on 
the assumption that each of the bounding curved lines may be taken to be equal 
to the sura of two straight lines formed by joining the end8 of the curves with the 
middle point thereof. 

37. The figures mentioned in this stanza are those given below:— 

Thewe are looked 
upon as being derived 
from a quadrilateral 
figure which is divided 
into four triangles by 
means of its diagonals 
crossing each other. The 
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declare the measure of the di-deficient area. That which is 
less (than the latter product here) by half of this (above-mentioned 
quantity to be subtracted) is the measure o:f the area of the 
uni-deficient figure. 

An example in illustration thereof. 

38. The length is 30, and the breadth is only 18 dandas. 
What is the resulting measure of the area in the case of a di- 
deficient area, and what in the case of the uni-deficient area P 

The rule for arriving at the practically approximate measure 
of the area of fields resembling the outline of a multiplex 
vajra :— 

39. One-third of the square of half the perimeter, divided bv 
the number of sides and (then) multiplied by the number of sides 
as diminished by one , gives indeed in the result the value of the 
area of all figures made up of sides. In the case of the area 


di-deficient, figui e is that in which any two of the opposite triangles out of the 
four making up the quadrilateral are left out of consideration, the nni-dofioient 
figure being that in which only one out of the four triangles is neglected, 

39. The rule stated in this stanza gives the area of figures made up of 
any number of sides. If s is half the sum of the measures of the sides, 

and n the number of sides, the area is said to be equal This 

3 n 

formula is found to give the approximate value of the area in the case 
of a triangle, a quadrilateral, a hexagon and a circle conceived as a figure of 
infinite number of sides. The other part of the rule deals with the interspace 
bounded by parts of circles in contact, and the value of the area arrived 
at according to the rule here given is also approximate. The figure below 
shows an interspace so bounded by four touching circles. 
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included between circles (in contact), one-fourth (of the result 
thus arrived at gives the required measure). 

Examples in illustration thereof . 

40. In the case of a six-sided figure the measure of a side is 5, 
and in the case of another figure of 16 sides the measure of a 
side is 3. Give out (the measure of the area in each case). 

41. In the case of a trilateral figure one of the sides is 5, the 
opposite ( i.e the other) side is 7, and the base is 6. In the case 
of another hexalateral figure the sides are in measure from 1 to 6 
in order. (Find out the value of the area in each case). 

42. (Give out) the value of the interspace included inside 
four (equal) circles (in contact) having a diameter which is 9 in 
measure; and (give out) the value of the area of the interspace 
iuelnded inside three circles having diameters measuring 6, 5 
and 4 (respectively)* 

The rule for arriving at the practically approximate area of a 
field resembling a bow in outline :— 

43. In the case of a bow-shaped field the calculated measure 
(of the area) is obtained by adding together (the measure of) the 
arrow and (that of ) the string and multiplying the sum by half 
(the measure) of the arrow. The square root of the square of the 
(measure of the) arrow as multiplied by 5 and (then) as combined 
with the square of the (measure of the) string gives the (measure 
of the bent) stiok (of the bow). 


43. The field resembling a bow in outline is in fact the segment of a cirole, 
the bow forming the arc, the bow-string forming the chord, and the arrow 
measuring the greatest perpendicular distance between the arc and the oliord. 
If a, c, and p represent the lengths of these three lines, then, according to the 
rules given in stanzas 43 and 45 — 

Area = (c + p) x JE¬ 
SS 

Length of bow = Yh p 2 + c z 
Yu * — c 2 

„ of arrow = 5 

„ of bow-string =*Ya*—&p 2 
For accurate value see Btanzas 734 and 74$ in this chapter. 
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An example in illustration thereof . 


44. A bow-shaped field is seen whereof the string-measure is 
26, and the arrow-measure is 13. Tell me quickly, 0 mathemati¬ 
cian, what the calculated measure of this (area) is, and what the 
measure of this (bent) stick (curve). 

The rule for arriving at the arrow-measure as well as the 
string-measure (in relation to a bow-shaped field) :— 

45. The difference between the squares of the string and of the 
bent bow is divided by 5. The square root (of the resulting 
quotient) gives the intended measure of the arrow. The square 
of the arrow is multiplied by 5; and (this produot) is subtracted 
from the square (of the are) of the bow. The square root (of 
the resulting quantity) gives the measure corresponding to the 
string. 


Examples in illustration thereof, 

46. In the case of this (already given bow-shaped) field the 
measure of the arrow is not known ; and in the ease of another 
(similar field) the measure of the string is not known. 0 you who 
know calculation, give out both these measures. 

The rule for arriving at the practically approximate value of the 
area of the circle which is circumscribed about or inscribed within 
a four-sided figure:— 

47. Half of three times (the measure of the area of the inscribed 
quadrilateral figure) gives the measure of the area of the circle in 
the case in which it is ciroumscribed outside. In the case where 
it is inscribed within and the quadrilateral is the other way 

escribed), half of the above measure (is the required quantity). 


47. The formula hero given may be seen to be accurate in the case of a 
square, but only approximate in the case of other quadrilaterals, if 3 be taken to 
be the ooi*reot value of tr. 





An example in illustration thereof “ 


48. In relation to a quadrilateral figure, each of whose sides 
is 15 (in measure), tell me the practically approximate value of the 
inscribed and the escribed eiroles. 

Thus ends the calculation of practically approximate value in 
relation to areas. 


The Minutely Accurate Calculation of the 
Measure of Areas, 

Hereafter in the calculation regarding the measurement of 
areas we shall expound the subject of treatment known as 
minutely accurate calculation. And that is as follows :— 

The rule for arriving at the measure of the perpendicular (from 
the vertex to the base of a given triangle) and (also) of the segments 
into which the base is thereby divided) :— 

49. The process of mnkramana carried out between the base 
and the difference between the squares of the sides as divided by 
the base gives rise to the values of the two segments (of the base) 
of the triangle. Learned teaohers say that the square root of the 
difference between the squares of (either of) these (segments) and 
of the (corresponding adjacent) side gives rise to the measure of 
the perpendicular. 



V = Va 3 — or Yb 2 — c 2 s . Here a , b, c, represent the measures 
of the sides of a triangle, c 9 the measures of the segments of the base whose 
total length is c \ and p represents the length of ihs perpendicular. 
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The rule for arriving at the minutely accurate measurement ol 
the area (of trilateral and quadrilateral figures) . 

50. Four quantities represented (respectively) by half the sum 
of the sides as diminished by (each of) the sides (taken in order) 
are multiplied together; and the square root (of the product so 
obtained) gives the minutely accurate measure (of the area of the 
figure). Or the measure of the areas may be arrived at by multi¬ 
plying by the perpendicular (from the top to the base) half the 
sum of the top measure and the base measure, (1 he latter rule 
does) not (hold good) in the case of an inequilateral quadrilateral 
figure. 

Examples in illustration thereof \ 

51. In the case of an equilateral triangle, 8 dandas give the 
measure of the base as also of each of the two sides. You, who 
know calculation, tell me the accurate value of the area (thereof) 
and also of the perpendicular (to the base) as well as of the 
segments (of the base caused thereby). 

52. In the case of an isosceles triangle (each of the) two (equal) 
sides measures 13 dandas , and the base measures 10. (What 
is) the accurate measure of the area thereof, and of the perpendi- 


50, Algebraically represented :— 

Area of a trilateral figure 


__ o _ /!/ s (s - a) (* ~~b) (*-c); wher© 

a is half the sum of the s^es, «, b, c , the respective measures of 

the sides of fch.© trilateral figure ; 

or=— ' -- x p ,where v is the perpendicular 
2 

distance of the vertex from the base._ _ _ 

Area of a quadrilateral figure = V (a — a) (s-b) (s—c) ci) 
where s is half the sum of the sides, and a, 6, c, d the 
measures of the respective sides of the quadrilateral figure j 

or = JLi? x p (except in the case 
2 

of an inequilateral quadrilateral) where p is the measure of 
either of the perpendiculars drawn to the base from the extremi¬ 
ties of the top side. 

The formulas here given for trilateral figures are correct; but those given for 
qnadrilatral figures hold good only in the case of cyclic quadrilaterals, as in 
these formulas sight is lost of the fact that for the same measure of the sides the 
value of the area as well as of the perpendicular may vary. 
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oular (to the base) as also of the segments (of the base caused 
thereby) ? 

53. In the case of a scalene triangle one of the sides is 13 (in 
measure), the opposite side is 15, and the base is 14. What 
indeed is the calculated measure (of the area of this figure), and 
■what of the perpendicular (to the base) and of the basal segments ? 

Hereafter (we gi v0 ) the rule for arriving at the value of the 
diagonal of the five varieties of quadrilateral figures. 

54. The two quantities obtained by multiplying the basal side 
by the (larger and the smaller of the right and the left) sides are 
(respectively) combined with the two (other) quantities obtained by 
multiplying the top side by the (smaller and the larger of the right 
and the left) sides. The (resulting) two sums constitute the multi¬ 
plier and the divisor as also the divisor and the multiplier in 
relation to the sum of the products of the opposite sides. The 
square roots y (of the quantities so obtained) give the required 
measures of the diagonals. 

Examples in illustration thereof. 

55. In the case of an equilateral quadrilateral which has all 
around a side measure of 5, tell me quickly, O friend who know 
the seoret of calculation, the value of the diagonal and also the 
accurate value of the area. 


54. Algebraically represented the measure of the diagonal of a quadrilateral 
figure as given here i s ~~ _ ’ __ 

V (ac + bd) (db + cd) /(a c + bd) {ad + be). 

ad + be ° r ah + cd 

These formulas also aro correct only for cyclic quadrilaterals, lUiaskara- 
carya is aware of the futility of attempting to give the measure of the area of 
a quadrilateral without previously knowing the values of the perpendicular or of 
the diagonals. Vide the following stanza from his Lildvatl :— 

fora I! 

h fornu 3i sitbt forci i 

^ d li% ‘qgsnk fcre i fo rai n 
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56. In the case of a longish quadrilateral, the (horizontal) side 
is 12 in measure and the perpendicular side is 5 in measure. 
Tell me quickly what the measure of the diagonal is and what the 
accurate measure of the area. 

57. The basal side of an equi-bilateral quadrilateral is 36. One 
of the sides is 61 and the other also is the same. The top side is 
14. What is the diagonal and what the accurate measure of the 
area ? 

58. In the case of an equi-trilateral quadrilateral, the square of 
13 (gives the measure of an equal side) ; the base, however, is 407 
in measure. What is the value of the diagonal, of the basal 
segments, of the perpendicular and of the area ? 

59. The (right and the left) sides of an inequilateral quadri¬ 
lateral are 13 x 15 and 13 X 20 (respectively in measure) ; the 
top side is 5\ and the side below is 300. What are all the values 
here beginning with that of the diagonal ? 

Hereafter (are given) the rules for arriving at the 
minutely accurate values relating to curvilinear figures. Among 
them the rule for arriving at the minutely accurate values 
relating to a circular figure is as follows 

60. The diameter of the circular figure multiplied by the 
square root of 10 becomes the circumference (in measure). The 
circumference multiplied by one-fourth of the diameter gives the 
area. In the case of a semicircle this happens to he half (of 
what it is in the case of the circle). 

Examples in illustration thereof. 

61. In the case of one (circular) field the diameter of the 
circle is 18; in the ease of another it is (30 ; in the case of yet 
another it is 22. What are the circumferences and the areas ? 


GO. The value of ir given in this stanza is yTO, which is equal to 3*16.. .. 

Compare this with the more approximate value (= 3*1416) given by 

Aryabhata- Bhaakar&cHrya also gives to it the same value, and represents it in 
reduced termB as r. 
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82. In the case of a semicircular field of a diameter measuring 
12, and of (another) field having a diameter of 38 in measure 
what is the circumference and what the area ? 

The rule for arriving at the minutely accurate values relating 
to an elliptical figure:— 

63. The square of the (shorter) diameter is multiplied by 6 
and the square of twice the length (as measured by the longer 
diameter) is added to this. (The square root of this sum gives) the 
measure of the oircuinference. This measure of the circumference 
multiplied by one-fourth of the (shorter) diameter gives the 
minutely accurate measure of the area of an elliptical figure. 

An example in illustration thereof. 

84. In the case of an elliptical figure, the length (as measured 
by the longer diameter) is 36, and the breadth (as measured by 
the shorter diameter) is 12. Tell me, after calculation, what the 
measure of the circumference is, and what the minutely accurate 
measure of the area. 

The rule for arriving at the minutely accurate values in rela¬ 
tion to a conehiform figure :— 

65|. The (maximum measure of the) breadth (of the figure), 
diminished by half (the measure of the breadth) of the mouth, 
and (then) multiplied by the square root of 10, gives rise to the 
measure of the perimeter. The square of half the (maximum) 


63. If a represents the measure of the longer diameter and b that of the 
ihorter diameter of an ellipse, then, according to the rule given here, the oir- 
sumference is V 66 3 + 4a 2 , and the area is J b x V 66* + 4a 2 '. It may be 
lOted that this stanza, as found in the MSS., omits to mention that the square 
•oot of the quantity is to be taken for arriving at the value oi the circumference, 
[■ho formula for the area given here is only an approximation, and seems to be 

»ased on the analogy of the area of a circle as represented by ird x —, whore 
t ig the diameter and ird is the circumference. 

65$. Algebraically, circumference = (a — J m) x V 10 j 

area = [ [ (a - 4 m) x 4 } ’ + (^'fj x VW; where a is the measure of the 
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breadth (of the figure) as diminished by half the (breadth of 
the) mouth, and the square of one-fourth of the (breadth of the) 
mouth are added together; and the resulting sum is multiplied 
by the square root of 10. This gi ves rise to the minutely acourate 
measure of the area in the ease of the conohiform figure. 

An example in illustration thereof . 

66J. In the ease of a conohiform curvilinear figure the (maxi¬ 
mum breadth is 18 danshu, and the breadth of the mouth is 4 
(dandas). What is the measure of the perimeter and what the 
minutely acourate measure of the area as calculated ? 

The rule for arriving at the minutely accurate measures in 
relation to outreaohing and inlying annular figures 

07^. The (inner) diameter, to which the breadth (of the annulus) 
is added, is multiplied by the square root of 10 and by the breadth 
(of the annulus). This gives rise to the value of the area of the 
out-reaching annulus. The (outer) diameter as d iminished by the 
breadth (of the annulus) gives rise (on being treated in the same 
manner as above) to the value of the area of the inlying annular 
figure. 

Examples in illustration thereof. 

68^. Eighteen dundas measure the (inner or the outer! dia¬ 
meter of the annulus (as the case may be); the breadth of the 
annulus is, however, 3 ( dandas ). You give out the minutely 
acourate value of the area of the outreaohing as well as the inlying 
annular figure. 

69^. The (outer) diameter is 18 dandas^ and the breadth of the 
inlying annulus is 4 dandas. You give out the minutely accurate 
value of the area of the inlying annular figure. 


rowimuni breadth, and m the measure of the month, of a conohiform figure. Aa 
observed in the note relating to stanza 23 of this chapter, the figure intended is 
obviously made up of two unequal semicircles. 
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The rule for arriving at the minutely accurate values relating 
to a figure resembling (the longitudinal seotionof) the yava grain, 
and also to a figure having the outline of a bow:— 

70}. It should be known that the measure of the string 
(chord) multiplied by one-fourtb of the measure of the arrow, and 
then multiplied by the square root of 10, gives rise to the (accu¬ 
rate) value of the area in the case of a figure having the outline of 
a bow as also in the case of a figure resembling the (longitudinal) 
section of a yava grain. 

Examples in illustration thereof 

71|> In the case of a figure resembling (the longitudinal) 
section of the yava grain, the (maximum) length is 12 tfyndm; 
the two ends are needle points, and the breadth in the middle is 
4 darnlas. What is the area ? 

72|. In the case of a figure having the outline of a bow, the 
string is 24 in measure ; and its arrow is taken to be 4 in measure. 
What may be the minutely accurate value of the area P 

The rule for arriving at the measure of the (bent) stick of the 
bow as well as of the arrow, iu the case of a figure having the 
outline of a bow :— 

73$. The square of the arrow measure is multiplied by 0. 
To this is added the square of the string measure. The square 

70$. The figure resembling a bow is obviously the segment of a circle. The 
area of the segment as given here = c x x 

This formula is not accurate. It seems to be based 
on the analogy of the rale for obtaining the area of a 
semi-circle, which area is eviden tly equal to the pro¬ 
duct of 7 T, the diameter and one-fourth of the radius, c 

n r 

i.e,, t r x 2 r x — . 

4 

The figure resembling the longitudinal section of a yava grain may bo easily 
seen to be made up of two similar and equal segments of a circle applied to each 
other ro as to have a common chord. It is evident that in this case the value of 
the arrow-line becomes doubled. Thus the sarno formula is made to hold good 
here also. 

78$ & 74$. Algebraically, 

arc sss 'l/fip* -f- c 2 ; 

a * _ c z 

perpendicular -— 

chord = YaP — 6 « 
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root of that (which happens to be the resulting sum here) gives 
rise to the measure of the (bent) bow-stick. In the case of finding 
out the measure of the string and the measure of the arrow, a 
course converse to this is adopted. 

The rule relating to the process according to the oonverse (here 
mentioned) :— 

74J. The measure of the arrow is taken to be the square root 
of one-sixth of the difference between the square of the string and 
the square of the (bent stick of the) bow. And the square root of 
the remainder, after subtracting six times the square of the arrow 
from the square of the (bent stick of the) how, gives rise to the 
measure of the string. 

An example in illustration thereof . 

75^. In the case of a figure having the outline of a bow, the 
string-measure is 12, and the arrow-measure is 6. The measure 
of the bent stick is not known. You (find it out), 0 friend. (In 
the ease of the same figure) what will he the string-measure (when 
the other quantities are known), and what its arrow-measure (when 
similarly the other requisite quantities are known) ? 

The rule for arriving at the minutely accurate result in relation 
to figures resembling a Mrdahga , and having the outline of a 
Panava , and of a Vajra — 

76£. To the resulting area, obtained by multiplying the 
(maximum) length with (the measure of the breadth of) the 
mouth, the value of the areas of its associated bow-shaped figures is 
added. The resulting sura gives the value of the area of a figure 
resembling (the longitudinal section of) a Mrdahga. In the case 

In giving the rule for the measure of the arc in terms of the chord and the 
largest perpendicular distance betweeen the arc and the chord, the airo forming 
a semicircle ia taken as the basis, and the formula obtained for it is utilised for 
arriving at the value of the arc of any segment. The semicircular arc = r x 
4 /l 0 = V 10r 3 =: V Gr 7 + 4 r 2 : based on this"is the formula for any arc j 
where p = the largest perpendicular distance between the arc and the chord, 
and c = the ohord. 

76£. The rationale of the rule here given will be clear from the figures 
given in the note under stanza 32 above. 





of those two (other) figures which resemble (the longitudinal 
section of) the Panava, and (of) the Vajra , that (same resulting 
area, which is obtained by multiplying the maximum length with 
the measure of the breadth of the mouth), is diminished by the 
measure of the areas of the associated bow-shaped figures. (The 
remainder gives the requird measure of the area concerned.) 

Examples in illustration thereof. 

77 j. In the ease of a. figure having the outline configuration 
of a Mrdanga, the (maximum) length is 24 ; the breadth of (each 
of) the two mouths is 8; and the (maximum) breadth in the 
middle is 16. What is the area ? 

78^. In the case of a figure having the outline of a Panava , the 
(maximum) length is 24 ; similarly the measure (of the breadth of 
either) of the two mouths is 8 ; and the central breadth is 4. 
What is the area ? 

79-J-. In the t case of a figure having the outline of a Vajra , 
the (maximum) length is 24; the measure (of the breadth of either) 
of the two mouths is 8 ; and the centre is a point. Give out as 
before what the area is. 

The rule for arriving at the minutely accurate value of the 
areas of figures resembling (the annulus making up) the rim of 
a wheel, (resembling) the crescent moon and the (longitudinal) 
section of the tusk of an elephant :— 

80J. In^Hhe case of (a circular annulus resembling) the rim of 
a„ wheel, the sum of the measures of the inner and the outer 
curves is divided by 6, multiplied by the measure of the breadth 

8 O 4 . The role here given for the area of an annulus, if expressed algebraic¬ 
ally, comes to be- - —~ x ^1 x V 10, where a x and a 2 are the measures of 

the two circumferences, and p is the measure of the breadth of the annulus. On 
a comparison of this value of the area of the annulus with the approximate value 
of the same as given in stanza 7 above ( vide note thereunder), it will be evident 
that the formula here does not give the accurate value, the value mentioned 
in the rule in stanza 7 being itself the aoourato value. The mistake seems to 
have arisen from a wrong notion that in the determination of the value of 
this area, ir is involved even otherwise than in the values of a x and o 3 . 
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of the annulus, and again multiplied by the square root, of 10, 
(The result gives the value of the required area.) Half of this is 
the (required) value of the area in the oase of figures resembling 
the orescent, moon or (the longitudinal section of) the tnsk of an 
elephant. 

Examples in illustration / hereof . 

81|-. In the Oase of a field resembling (the circular annulus 
forming) the rim of a wheel, the outer curve is 14 in measuro and 
the inner 8 ; and the (breadth in the) middle is 4. (What is the 
area?) What is it in the case of a figure resembling the cres¬ 
cent moon, and in the oase of a figure resembling (the longitudinal 
section of) the task of an elephant (the measures requisite for 
calculation being the same as above) ? 

The rule for arriving at the minutely accurate value of the 
area of a figure forming the interspace included inside four (equal) 
circles (touching each other) : — 

82^. If the minutely accurate measure of the # area of any one 
circle is subtracted from the quantity which forms the square 
of the diameter (of the circle), there results the value of the area 
of the interspace included within four equal circles (touching each 
other). 

An example in illustration thereof. 

83|. What is the minutely accurate measure of the area of the 
interspace included within four mutually touching (equal) circles 
whose diameter is 4 (in value) P 


821. Tbs rationale of the rule will be clear from the figure below : 
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The rale for arriving at the minutely accurate value of the 
figure formed in r»he interspace caused by three (equal) circular 
figures touching each other ;— 

84|. The minutely accurate measure of the area of an equila¬ 
teral triangle, each side of which is equal in measure to the 
diameter (of the circles) is diminished by half the area of any 
of the (three equal) circles. The remainder happens to be the 
measure of the interspace area caused by three (mutually touching 
equal circles). 

An example in illustration thereof \ 

85£. What is the minutely accurate calculated value of a 
figure forming the interspace enclosed by three mutually touching 
(equal) circles the diameter (of each) of which is 4 in measure ? 

The rule for arriving at the minutely accurate values of the 
diagonal, the perpendicular and the area in the oase of a (regular) 
six-sided figure— 

86-|. In the oase of a (regular) six-sided figure, the measure 
of the side, the square of the side, the square of the square of the 
side multiplied respectively by 2, 8 and 8 give rise, in that same 
order, to the values of the diagonal, of the square of the perpendi¬ 
cular, and of the square of the measure of the area. 


84J. Similarly the Ggure hero eluci¬ 
dates at once the reason of the rule :— 


86 ^. The rule seems to contemplate a regular hexagon. The formula given 
for the value of the area of the hexagon is y'Sa 4 , where a is the length of a side, 

3 4 / 3 " 

The oorreot formula, however, is a 2 x —i— . 
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An example, in illustration thereof\ 

87In the case of a (regular) six-sided figure each side is 2 
dandas in measure. In relation to it, what are the squares of the 
measures of the diagonal, of the perpendicular and of the minutely 
accurate area of the figure ? 

The rule for arriving at the numerical measure of the sum of a 
number of square root quantities as well as of the remainder left 
after subtracting a number of square root quantities one from 
another in the natural order :— 

88^. (The square root quantities are all) divided by (such) a 
(common) factor (as will give rise to quotients which are square 
quantities). The square roots (of the square quantities so obtained) 
are added together, or they are subtracted (one from another in the 
natural order). The sum and remainder (so obtained) are (both) 
squared aud (then) multiplied (separately) by the divisor factor 
(originally used). The square roots (of these resulting products) 
give rise to the sum and the (ultimate) difference of the quantities 
(given in the problem). Know this to be the process of calculation 
in regard to (all kinds of) square root quantities. 

An example in illustration thereof. 

89|. 0 my friend who know the result of calculations, tell me 
the sum of the square roots of the quantities consisting of 16, 36 
and 100 ; and then (tell me) also the (ultimate) remainder in 
relation to the square roots (of the same quantities). 

Thus ends the minutely accurate calculation (of the measure 
of areas). 

88£. The word karani occurring here denotes any quantity the square root 
of which is to be found out, the root itself being rational or irrational us the case 
may be. The rale will be clear from the following working of the j)roblem given 

in stanza 8Pfc __ _ _ _ .— ~~ 

To find the value of \/lQ+ + \A°°> and V 10o ~ These 

are to be represented as ^/4 (V 4 + + 4/25); 4 / 4 [ (v*P *“4Z 4 ) j • 

= 4/ 4 (2 + 3 + 5) ; = 4 / 4 5 — (3 — 2) |. 

= 4/4 (10) j =4/ 4~(4\ 

= vTx 4/1007 = 4 / 4 Tx 4 /le. 

SB 4/ 400 } « 4/I54. 

ass 20} s=:: 8. 




CHAPTER VII— MEASUREMENT OF AREAS. 

Subject of treatment known as the Janya operation. 

Hereafter we shall give out the janya operation in calculations 
relating to measurement of areas. The rule for arriving at a 
longish quadrilateral figure with optionally chosen numbers as 
bijous :— 

90^. In the case of the optionally derived longish quadrilateral 
figure the difference between the squares (of the blja numbers) 
constitutes the measure of the perpendicular-side, the product (of 
the blja numbers) multiplied by two becomes the (other) side, 
and the sum of the squares (of the blja numbers) becomes the 
hypotenuse. 

Examples in illustration thereof . 

91-J. In relation to the geometrical figure to be derived option¬ 
ally, 1 and 2 are the Infos to be noted down. Tell (me) quickly 
after calculation the measurements of the perpendicular-side, the 
other side and the hypotenuse. 

92^. Having noted down, 0 friend, 2 and 3 as the bijas in rela¬ 
tion to a figure to be optionally derived, give out quickly, after 
calculating, the measurements of the perpendicular-side, the other 
side and the hypotenuse. 

Again another rule for constructing a longish quadrilateral 
figure with the aid of numbers denoted by the name of btjas:— 

The product of the sum and the difference of the blja* 
forms the measure of the perpendicular-sido. The sahkramana of 

90*. Janya literally means “ arising from” or “apt to be derived hence 
it refers here to trilateral and quadrilateral figures that may be derived out of 
oertain given data. The operation known as janya relates to the finding ont of 
the length of the sides of trilateral and quadrilateral figures to be so derived. 

Blja, us given here, generally happens to be a positive integer. Two snch 
are invariably given for the derivation of trilateral and quadrilateral figures 
dependent on them. 

The rationale of the rule will be clear from the following algebraical 
representation: — 

If a and b are the blja numbers, then a s — b* is the measure of the perpendi¬ 
cular, 2 ab that of the other side, and a* + b 2 that of the hypotenuse, of an 
oblong. From this it is evident that the btjas are numbers with the aid of the 
product and the squares whereof, as forming the measures of the sides, a right- 
angled triangle may be constructed. 

27 
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the squares of that (sum and the difference of the Ufa*) gives rise 
(respectively) to the measures of the (other) side and of the 
hypotenuse. This also is a process in the operation of (construct* 
ing a geometrical) figure to be derived (from given bljas). 

An example in illustration thereof. 

94$. 0 friend, who know the seoret of calculation, construct a 
derived figure with the aid of 8 and 5 as Nfas, and then think 
out and mention quickly the numbers measuring the perpendi¬ 
cular-side, the other side and the hypotenuse (thereof). 

The rule for arriving at the blja numbers relating to a given 
figure capable of being derived (from bljas). 

95$. The operation of sahkramana between (an optionally chosen 
exact) divisor of the measure of the perpendicular-side and the 
resulting quotient gives rise to the (required) bljas. (An optionally 
chosen exact) divisor of half the measure of the (other) side and 
the resulting quotient (also) form the bljas (required). Those 
{bljas) are, (respectively), the square roots of half the sum and of 
half the difference of the measure of the hypotenuse'and the 
square of a (suitably) chosen optional number. 

An example in illustration thereof . 

96£. In relation to a oertain geometrical figure, the perpendi¬ 
cular is 16 : what are the bljas ? Or the other side is 30 : what are 
the bljas ? The hypotenuse is 34 : what are they (the bljas) f 

The rule for arriving at the numerical measures of the other 
side and of the hypotenuse, when the numerical measure of the 
perpendicular-side is known; for arriving at the numerical 
measures of the perpendicular-side and of the hypotenuse, when 
the numerical measure of the other side is known ; and for arriving 


93$. In the rule given here, a 2 -&*, 2 ab, and a 2 + b 3 are represented 

*L*’ and (» + a + (« - *>) 

' 2 


, , v (a + b) 2 — (a 

la + b) (a — 6), ---jj 

95$, Th© processes mentioned in this rule may be seen to be converse to the 
operations mentioned in stanza 90$. 
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at the numerical measure of the perpendicular-side and of the other 
side, when the numerical measure of the hypotenuse is known :— 

97^. The operation of mnkramana , conducted between (an 
optionally chosen exact) divisor of the square of the measure of 
the perpendicular-side and the resulting quotient, gives rise to the 
measures of the hypotenuse and of the other side (respectively). 
Similarly (the same operation of sankramana) in relation to the 
square of the measure of the other side (gives rise to the measures 
of the perpeodieular-side and of the hypotenuse). Or, the square 
root of the difference between the squares of the hypotenuse and of 
a (suitably chosen) optional number forms, along with that chosen 
number, the perpendioular-side and the other side respectively. 

An example in illustration thereof . 

98$-. In the case of a certain (geometrical) figure, the perpendi¬ 
cular-side is L1 in measure ; in the case of another figure, the (other) 
side is 60 ; and in the case of (still) another figure the hypotenuse 
is 61. Tell me in these cases the measures of the unmentioned 
elements. 

The rule regarding the manner of arriving at a quadrilateral 
figure having: two equal sides (with the aid of the given bija*\ :— 

99|. The perpendioular-side of the primary figure derived (with 
the aid of the given on being added to the perpendioular- 

side (in another figure) derived with the aid of the (two option¬ 
ally chosen) factors of half the base of (this original) derived 

97}. This rale depends on the following identities :— 

2 ■*» 

— ± (a — by J ~ 2 = a * 2 + b * or 2 ab as the case may be 

II. [ - db 2i>» } -r-2=ro» + 6* or o» - 6*. 

III. -V / (o a + 6*) 3 - (2 a6)»==o a -b s . 

99}. The problem solved in the rale stated in this stanza is to construct with 
the aid of two given btjas a quadrilateral having two equal sides. The lengths 
of the sides, of the diagonals, of the perpendicular from the end-points of the top¬ 
side to the base, and of thesegmonts thereof caused by the perpendicular are all 
derived from two rectangles constructed with the aid of the given btjas. The 
first of these rectangles is formed according to the rale given in stanza 90} 
above. The second rectangle is formed according to the samo rale from two 
optionally chosen factors of half the length of the base of the first rectangle, 
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figure (taken as the bijas ), gives rise to the measure of the base of 
the (required) quadrilateral with two equal sides. The difference 
(between the measures of these two perpendiculars) gives the 
top-measure (of the quadrilateral). The smaller of the diagonals 
(relating to the two derived figures already mentioned) gives the 
measure of (either of the two equal) sides. The smaller of the 
(two) perpendicular-sides (in relation to the two derived figures 
under reference) giveB the measure of the (smaller) segment (of the 
base formed by the perpendicular dropped thereunto from either 
of the end-points of the top-side). The larger of the (two) 
diagonals (in relation to the two derived figures of reference) gives 
the measure of the (required) diagonal. The area of the larger (of 
two derived figures of reference) is the area of the (required) 


taken as bijas. Hence the first rectangle is called the primary figure in the 
translation to distinguish it from the second rectangle. 

The rationale of the rule will be clear from the following diagrams illustrating 
the problem given for solution in stanza lOOf, Here 5 and 6 are the bijas given j 
and the first rectangle or the primary figure derived from the byas is ABCD :— 


Half the length of the base in this figure 
is 30 i and two factors of this, namely, 3 
andr 10 may be chosen. The rectangle 
constructed with the aid of these numbers 
as bijas is BJFGrH :— 


To construct the required quadrilateral 
with two equal sides, one of the two 
triangles into whioh the first reotangle is 
divided by its diagonal is applied to the yi 
second rectangle on one side, and a portion 
equal to the same triangle is removed from 
the same second rectangle on the other 
side, as shown in the figure H A' F C . 


60 
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figure ; and the measure of the base (of either of the derived 
figures of reference) happens to be the measure of the perpendi¬ 
cular (dropped to the base from either of the end-points of the 
topside in the required figure). 

An example in illustration thereof . 

100£. In relation to a quadrilateral with two equal sides 
constructed with the aid of 5 and 6 as bijas give out the 
measures of the top side, of the base, of (either of the two equal) 
sides, of the perpendicular (from the top to the base), of the 
diagonal), of the (lesser) segment (of the base), and of the area. 

The rule for arriving at the measures of the top-side, of the 
base, of (any one of) the (equal) sides, of the perpendicular (from 
the top to the base), of the diagonal, of the (lesser) segment (of 
the base) and of the area, in relation to a quadrilateral having three 
equal sides (with the aid of given bijas) :— 


The process} will be clear from a comparison of the diagrams 


Area of the required 
quadrilateral, HA'FC' 
= area of the second 
rectangle, EFGH. 


A' E 102 F 

Base A'F = perpendioulnr-side of the first rectangle plus perpendicular- 
side of the second rectangle, i.e., AB +■ EF. 

Top side HO =porpendiculav-side of the second rectangle minus per¬ 
pendicular-side of the first rectangle, i.e, GH — CD. 

Diagonal HF = diagonal of the second rectangle. 

Smaller segment of the base, i.e., A'E = porpendioular-side of the first 
rectangle, i.e., AB. 

Perpendicular HE = base of the first or of the second rectangle, i.e., BC 
or FG. 

Each of the lateral equal sides A'H and FG' = diagonal of the first rec¬ 
tangle, i.e., AC. 
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101J. The difference between the (given) bitfm is multiplied 
by the square root of the base (of the quadrilateral immediately 
derived with the aid of those bijas). The area of (this immedi¬ 
ately) derived (primary) quadrilateral is divided (by the produet 
so obtained). Then, with the aid of the resulting quotient and 
the divisor (in the operation utilized as bija# t a second derived qua¬ 
drilateral of reference is constructed. A third quadrilateral of 


10.1$. If a and b represent the given the measures of the sides of the 

immediately derived quadrilateral are 

Perpendicular-side = a 2 — b 2 
Base =r 2a6 
Diagonal= a 2 4- 6 s 
Area «ss 2ab x (a 2 — b 2 ) 

As in the case of the construction of the quadrilateral with two equal sides 
(vide stanza 99£ ante), this rule proceeds to construct the required quadrilateral 
with three equal sides with the aid of two derived rectangles. The hljas in 
relation to the first of these rectangles are :— 

2ab x (a 2 — b~): . _ 

vM> x (a - T) U,} V2ab X ^ + and 4/2a6 x ( a &)• 

Applying the rule given in staaza 90* above, we have for the first rec¬ 
tangle : 

Pevpendioular-side = (a + Jo) 2 x 2ab ~ (a - b) 2 x 2ah or 8 a 2 b s . 

Base = 2 x Y‘Iab * (a + b) x 4 /fob * (<* - b) or 4u.b (a 2 - 6 2 ). 
Diagonal = (a + b) z x 2ab + (a - b) 2 x 2 ab or 4ab (a 2 + b 2 ). 

The bi',ae in the case of the second rectangle are : a 2 - b 2 and 2a6. 

The various elements of this rectangle are : 

Perpendicular-side = 4a 2 b 2 — ( a 2 - fr) 2 . j 

Base = 4ab (a 2 - b 2 ); 

Diagonal as 4a® b 2 4 - ( a 2 - b z f or (a 2 + b 2 ) 2 

With the help of these two rectangles, the measures of the sides, diagonals, 
eto., of tho required quadrilateral are ascertained as in the rule given in stanza 
99$ above. They are : 

Base = sum of the perpendicular-sides = 8a 2 b 2 + 4a 2 b 2 ~(a 2 - b 8 ) 2 . 

Top-side greater perpendicular-side minus smaller perpendicular-side 
= S a 2 b‘ - [iaH'-iat-b*)* } = ( a « + f,*)*. 

Either of the lateral sides smaller diagonal=(« 2 -f b 2 > 3 . 

Besser segment of tho base =55 smaller perpendicular-side = 4a 2 b 2 — (a z 

~b 2 ) 2 . 

Perpendicular = base of either rectangle w= 4ab (a 2 - b 2 ). 

Diagonal = the greater of the two diagonals = 4 ab (a 2 4 - b 2 ). 

Area » area of the larger rectangle = 8a 2 6 2 x 4ab (a 2 -b B ). 

It may be noted here that the measure either o! the two lateral sides is equal 
to the measure of the top-side. Thus is obtained the required quadrilateral with 
three equal sides. 







reference is further constructed) with the aid of the measurements 
of the base and the perpendicular-side (of the immediately derived 
quadrilateral, above referred to, used as bijas. Then, with the aid 
of these two last derived secondary quadrilaterals, all the required) 
quantities appertaining to the quadrilateral with three equal sides 
are (to he obtained) as in the case of the quadrilateral with two 
equal sides. 

An example in illustration thereof . 

102^. In relation to a quadrilateral with three equal sides and 
having 2 and 3 as its bijas , give out the measures of the top-side, 
of the base, of (any one of) the (equal) sides, of the perpendicnlar 
(from the top to the base), of the diagonal, of the (lesser) segment 
(of the base) and of the area. 

The rule for arriving at the measures of the top-side, of the 
base, of the (lateral) sides, of the perpendiculars (from the ends of 
the top-side to the base), of the diagonals, of the segments (of the 
base) arid of the area, in relation to a quadrilateral the sides of 
which are (all) unequal :— * 

103-J. With the longer and the shorter diagonals (of the two 
derived rectangular quadrilateral figures related to the two sets 


103$. The rule will be clear from the following algebraical representation. 
Let a, b, and c, d, be two sets of given bijas . Then the various required 
elements are as follow :— 

Lateral sides = tab (c* + d a )(a a + b 2 ) and (a 2 - b 2 )(c 2 + d 2 )(a 2 + b*). 

Base sas 2cd ( a 2 b a )(a 2 4- b 2 ). 

Top-side = (c 2 - d 2 )(a 2 + b 2 )(a 2 + b 2 ). 

Diagonals = £ (a a ~b 2 ) x 2cd + (c* -d*)2ab J x (n 2 4- b*); and 
£ (a a ~b a )(c z —d a ) 4-4abcdj x (a 2 + b 2 ) 

PerpendicnlarH » £ (a 3 - b 2 ) x 2cd + (c 2 -d 2 ) 2ab j x 2ab ; and 

| (a 2 — b )(c a —d 2 )4*4abcdj x(a. 2 —6 s ) 

Segments = 

{" (a 2 -b*) x 2 cd + x 2ab ] (a —6*); and [(o»—&*) (e J — *‘) 

+ 4 abed } x 2ab. 
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of given Ufas), tie base ai)d the perpendicular-side (of the smaller 
and the larger derived figures of reference) are respectively multi¬ 
plied. The products (so obtained) are (separately) multiplied 
(again) by tie shorter diagonal. The resulting products give the 
measures of the two (unequal) sides, of the base and of the top-side 
(in relation to the required quadrilateral). The perpendicular-sides 
(of the derived figures of reference) are multiplied by each other’s 
bases; and the two products (so obtained) are added together. 
Then to tic product of the (two) perpendicular-sides (relating to the 
two figures of inference), the product of the bases (of those same 
figures of reference) is added. The (two) sums (so obtained), when 
multiplied by the shorter of the (two) diagonals (of the two figures 
of reference), give rise to the measures of the (required) diagonals. 
(Those same) sums, when multiplied by the base and the perpendi¬ 
cular-side (respectively) of the smaller figure (of reference), give rise 
to the measures of the perpendiculars (dropped from the ends of the 
diagonals); and when multiplied (respectively) by tbe perpendi¬ 
cular-side and the base (of the same figure of reference), give rise to 
the measures of the segments of the base (caused by the perpendi¬ 
culars). The measures of these segments, when subtracted from 
the measure of the base, give the values of the (other) segments 
(thereof). Half of the product of the diagonals (of the required 
figure arrived at as above) gives the measure of the area (of the 
required figure). 

An example in illustration thereof. 

104|. After forming two derived figures (of reference) with 
1 and 2, and 2 and 3 as the requisite bijas give out, in relation 
to a quadrilateral figure the sides whereof are all unequal, the 
values of the top-side, of the base, of the (lateral) sides, of the 
perpendiculars, of the diagonals, of the segments (of the base), 
and of the area. 

Again another rule for arriving at (the measures of the sides, 
etc., in relation to) a quadrilateral, the sides of which are all 
unequal:— 






CHAPTER Y1I—MEASUREMENT OP AREAS. 


217 


105|—107-|. The square of the diagonal of the smaller (of the 
two derived oblongs of reference), as multiplied (separately) by 
the base and also by the perpendicular-side of the larger (oblong 
of reference), gives rise to the measures (respectively) of the base 
and of the top-side (of the required quadrilateral having unequal 
sides). The base and the perpendioular-side of the smaller 
(oblong of reference, each) multiplied successively by the two dia¬ 
gonals (one of eaoh of the oblongs of reference), give rise to the 
measures (respectively) of the two (lateral) sides (of the required 
quadrilateral). The difference between the base and the perpen- 
dioular-side of the larger (oblong of reference) is in two positions 
(separately) multiplied by the base and by the perpendioular-side 
of the smaller (oblong of reference). The two (resulting) products 
(of this operation) are added (separately) to the product obtained 
by multiplying the sum of the base and the perpendicular-side of 
the smaller (oblong of reference) with the perpendicular-side of 
the larger (oblong of reference). The two sums (so obtained), 
when multiplied by the diagonal of the smaller (oblong of refer¬ 
ence), give rise to the values of the two diagonals (of the required 
quadrilateral). The diagonals (of the required quadrilateral) are 
(separately) divided by the diagonal of the smaller (oblong of 


106| —107&. The same values as are mentioned in the footnote to stanza 
103! above are given ber© for the measures of the sides, etc.; only they are 
stated in a slightly different way. Adopting the same symbols as in the note to 
stanza 103!, we liavo:— 

Diagonals— £ 1 2cd — (c 2 ~ d a ) j %ab + £ 2ab + (a 2 — A 3 ) j c 2 —d 2 ) J x(a 2 + 6 2 ). 
»nd£ [ 2cd- (e 2 - d*) J (a 2 - !>*)+ f 2ab + (a 2 -b 2 ) j (c 2 -d 2 )J x.(a* + b«). 
Perpendiculars = 

£ (2ca—(c»,— d a )] x 2ab + [ 2ab + ( 0 2 -b*) j ( c *-d 2 )l( a 2 + 6 2 ) 

' ~ («*+&*> . **’ “ 68)! 

[ [ 2cd—(c > - <**) } (a 2 - ft 2 +) [ 2ab + (a* - !>*) ] (e 2 - d) ]a 2 + b 2 ). 
and (a* + 6«) 

The above four expressions can be reduced to the form in which the measures 
of the diagonals and the perpendiculars are given iu stanza No. 103!* The 
measures of the segments of the bise are here derived by extracting the 
Bquare root of the difference between the squares of the side and of the perpendi¬ 
cular corresponding to the segment. 
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reference). The quotients (so obtained) are multiplied respectively 
by the perpendicular-side and the base of the smaller (oblong of 
reference). The (resulting) products give rise to the measures 
of the perpendiculars (in relation to the required quadrilateral). 
To these (two perpendiculars), the above values of the two sides 
(other than the base and the top-side) are (separately) added, (the 
larger side being added to the larger perpendicular and the smaller 
side to the smaller perpendicular). The differences between these 
perpendiculars and sides are also obtained (in the same order). 
The sums (above noted) are multiplied (respectively) by (these) 
differences. The square roots (of the produots so obtained) give 
rise to the values of the segments (of the base in relation to the 
required quadrilateral). Half of the product of the diagonals 
(of the required quadrilateral) gives the value of (its) area. 

The rule for arriving at an isosceles triangle with the aid of a 
single derived oblong (of reference). 

108|. The two diagonals (of the oblong of reference con¬ 
structed with the aid of the given Bjat) become the two (equal) 
sides of the (required' isosceles triangle. The base (of the oblong 
of reference), multiplied by two, becomes the base (of the required 
triangle). The perpendicular-side (of the oblong of reference) is 
the perpendicular (of the required triangle from the apex to the 
base thereof). The area (of the required triangle) is the area (of 
the oblong of reference). 


108|, The rationale of the rule may be made out thus 
oblong and let AD be produced to E so that AD = DE. 
seen that ACE is an isosceles triangle whoso equal sides are e 
of the oblong and whose area is equal to that of the ublong. 
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An example in illustration thereof. 

109|. 0 mathematician, calculate and tell xne quickly the 
measures ,of the two (equal) sides, of the base and of the per¬ 
pendicular in relation to an isosceles triangle derived with the aid 
of 3 and 5 as bijas. 

The rule regarding the manner of constructing a trilateral 
figure of unequal sides 

110!, Half of the base of the (oblong of reference) derived 
(with the aid of the given bijas) is divided by an optionally 
chosen factor. With the aid of the divisor and the quotient (in 
this operation as bijas) > another (oblong of reference) is derived. 
The sum of the perpendicular-sides belonging to these two (oblongs 
of reference) gives the measure of the base of the (required) 
trilateral figure having unequal sides. The two diagonals (related 
to the two oblongs of reference; give the two sides (of the required 
triangle). The ba.se (of either of the two oblongs of reference) 
gives the measure of the perpendicular (in the oase of the required 
triangle). 

An example in illustration thereof. 

lllj. After constructing a second (derived oblong of referenoe) 
with the aid of half the base of the (original) figure ( i.e . oblong of 
reference) derived with the aid of 2 and 3 as bijas, you tell (me) 
by means of this (operation) the values of the sides, of the base 
and of the perpendicular in a trilateral figure of unequal sides. 

Thus ends the subject of treatment known as the Janya 
operation. 


110£. The rule will be clear from the following construction 


and EFGH be the two 
derived oblongs, such that 
the base AD ss the base 
EH. Produce BA to K so 
that AK = EF. It can be 
easily shown that DK = 
EG and that the triangle 
BDK has its base = 
BA + EE, called the 
perpendiculars of the 



-Let ABOD 
G 


Ui. WJ4-V 

)blongs, and has its sides equal to the diagonals of the same oblongs. 








ganitasIbasang raha< 


Subject of treatment known as Paisacika or 
devilishly difficult problems. 

Hereafter we shall expound the subject of treatment known 
as PaMeika. 

The rule for arriving, in relation to the equilateral quadri¬ 
lateral or longish quadrilateral figures, at the numerical measure 
of the base and the perpendicular-side, when, out of the perpen¬ 
dicular side, i he base, the diagonal, the area and the perimeter, any 
two are optionally taken to bo equal, or when the area of the figure 
happens to be the product obtained by multiplying respectively 
by optionally chosen multipliers any two desired quantities (out 
of the elements mentioned above) : that is—(the rule for arriving 
at the numerical values of the base and the perpendicular-side in 
relation to an equilateral quadrilateral or a longish quadrilateral 
figure,) when the area of the figure is (numerically) equal to the 
measure of the perimeter (thereof); or, when the area of the figure 
is numerically equal to the measure of the base (thereof); or, when 
the area of the figure is numerically equal to the measure of the 
diagonal (thereof); or, when the area of the figure is numerically 
equal to half the measure of the perimeter ; or, when the area of 
the figure is numerically equal to one-third of the base; or, when 
the area of the figure is numerically equal to one-fourth of the 
measure of the diagonal; or, when the area of the figure is 
numerically equal to that doubled quantity which is obtained by 
doubling the quantity which is the result of adding together twice 
the diagonal, three times the base, four times the perpendicular- 
side and the perimeter and so on :— 

1124. The measure of the base (of an optionally chosen figure 
of the required type), on being divided by the (resulting) optional 
factor in relation thereto, (by multiplying with which the area 

112|. The rule will he cle&r from the following working of the first example 
given in stanza 113$ -Here the problem is to find out the measure of the 
Bide of an equilateral quadrilateral, the numerical value of the area where¬ 
of is equal to the numerical value of the perimeter. Taking an equilateral 
quadrilateral of any dimension, say, with 5 as the measure of its side, we 
have the perimeter equal to 20, and the area equal to 25. The factor with which 
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of the said optionally chosen figure happens to be arriyed at); 
or the base (of such an optionally chosen figute of the requisite 
type), on being multiplied by the factor with which the area (of 
the said figure) has to be multiplied (to give the required kind of 
result); gives rise to the measures of the bases of the (required) 
equilateral quadrilateral and other kinds of derived-figures. 

Examples in illustration thereof, 

113$, In the case of an equilateral quadrilateral figure, the 
(numerical measure of the) perimeter is equal to (that of) the area. 
What then is the numerical measure of (its) base ? In the case 
of another similar figure), the numerical measure of the) area 
is equal to (that of) the base. Tell me in relation to that (figure) 
also (the numerical measure of the base). 

114^. In the case of an equilateral quadrilateral figure, the 
(numerical) measure of the diagonal is equal to (that of) the area. 
What may be the measure of (its) base ? And in the case of 
another (similar) figure, the (numerical) measure of the perimeter 
is twice that of the area. Tell me (what may be the measure of 
its base). 

115$. Here in the case of a longish quadrilateral figure, 
the (numerical) measure of the area is equal to that of the 
perimeter ; and in the case of another (similar)[figure, the 
(numerical) measure of the area is equal to that of the diagonal. 
What is the measure of the base (in each of these cases) ? 

116$. In the case of a certain equilateral quadrilateral figure, 
the (numerical) measure of the base is three times that of the area. 
(In the case of) another equilateral quadrilateral figure, the 
(numerical) measure of the diagonal is four times that of the area. 
What is the measure of the base (in each of these cases) F 

the measure of the perimeter, vi*. 20, has to be multiplied iu order to make it 
equal to the measure of the area, viz., 25, is f. If 5, the measure of a side of the 
optionally chosen quadrilateral is divided by this faotor the measure of tho 
side of tho required quadrilateral is arrived at. 

The rule gives also in another manner what is practically the same process thus : 
The factor with which the measure of the area, viz. 25 has to be multiplied in 
order to make it equal to the measure of the perimeter, viz. 20, is f. If 5, the 
measure of a side of the optionally ohosen figure is multiplied by this faotor f, the 
measure of the side of the required figure is arrived at, 
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117|. In the case of a longish quadrilateral figure, (the numeri¬ 
cal measures of) twice the diagonal, three times the base and four 
times the perpendicular-side being taken, the measure of the 
perimeter is added to them. Twice (this sum) is the (numerical) 
.measure of the area. (Find out the measure of the base.) 

Il8t. In the case of a longish quadrilateral figure, the 
(numerical) measure of the perimeter is 1. Tell me quickly, after 
calculating, what the measure of its perpendicular side is, and 
what that of the base. 

119|* In the case of a longish quadrilateral figure, the (nume¬ 
rical measures of twice the diagonal, three times the base, and four 
times the perpendicular, on being added to the (numerical) measure 
of the perimeter, become equal to 1. (Find out the measure of 
the base.) 

Another rule regarding the process of arriving at the number 
representing the bijas in relation to the derived longish quadri¬ 
lateral figure:— 

120^. The operation to arrive at the generating (bijas) in re¬ 
lation to a longish quadrilateral figure consists in getting at the 
square roots of the two quantities represented by (1) half of the 
diagonal as diminished by the perpendicular-side and (2) the 
difference between this quantity and the diagonal. 


An example in illustration thereof. 


121In the case of a longish quadrilateral figure, the per¬ 
pendicular-side is 55, the base is 48, and then the diagonal is 73. 
What are the bijas here ? 


120J. The rule in stanza 951 of this chapter relates to the method of arriv¬ 
ing at the bijas from, the base or the perpendicular or the diagonal of a longish 
quadrilateral. But the rule in this stanza gives a method for finding out the 
bijas from the perpendicular and the diagonal of a longiBh quadrilateral. The 
process described is based on the following identities 




where + is the measure of the diagonal, and a 2 — b 2 ia the measure of the 
perpendioular-side of a longish quadrilateral, a and b being the required bijas. 










The rale for arriving at the (longish quadrilateral) figure 
associated with a diagonal having a numerical value optionally 
determined:— 


122^. Each of the various figures that are derived with the 
aid of the given ( bljas ) is written down ; and by means (of the 
measure) of its diagonal the (measure of the) given diagonal is 
divided. The perpendicular-side, the base, and the diagonal (of 
this figure) as multiplied by the quotient (hete) obtained, give rise 
to the perpendicular-side, the base and the diagonal (of the required 
figure). 

An example in illustration thereof . 

123|-124|. 0 mathematician, quickly bring out with the aid of 
the given (fnjas) the (value of the) perpendicular-sides and the bases 
of the four longish quadrilateral figures that have respectively I 
and 2, 2 and 3, 4 and 7, and 1 and 8, for their hyas, and are also 
characterised by different bases. And, (in the problem) here, the 
diagonal is (in value) 65. Give out (the measures of) what may 
be the (required) geometrical figures (in that case). 

The rule for arriving at the numerical values of the base and 
the perpendicular side of that derived longish quadrilateral figure, 
the numerical measures of the perimeter as also of the diagonal 
whereof are known :— 

125^. Multiply the square of the diagonal by two; (from the 
resulting product), subtract the square of half the perimeter ; 
(then) get at the square root (of the resulting difference), If (this 
square root be thereafter) utilized in the performance of the 

122$. The rule is based on the principle that the sides of a right angled 
triangle vary as the hypotenuse, although for the same measure of the hypo- 
ten use there may he different set s of values for the sides. 

125$, If a and 6 represent the Bides of a. rectangle, then *J a* + b 3 is the 
measure of the diagonal, and 2a + 2 b is the measure of the perimeter. It can be 

Been easily that __ 

f 2a + 2b . / / \ 2 / 2a + 2b \ 2 

1 2 + V 2^ / y/£»^vj - ^ 2 ] j "*'2 = a; and 

{-*¥*■ - V* (y^r)4^) ! 

These two formulas represent algebraically the method described in the rule here. 
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operation of sahkramana along with half the perimeter, the 
(required) base and. also the perpendicular-side are arrived at. 

An example in illustration thereof. 

126|. The perimeter in this case is 34; and the diagonal is 
seen to be 13. Give out, after calculating, the measures of the 
perpendicular-side and the base in relation to this derived figure. 

The rule for arriving at the numerical values of the base 
and the perpendicular-side when the area of the figure and the value 
of the diagonal are known 

127h Twice the measure of the area is subtracted from the 
square of the diagonal. It is also added to the square of the 
diagonal. The square roots (of the difference and of the sum so 
obtained) give rise to the measures ofthe (required) perpendicular- 
side and the base, if the larger (of the square roots) is made to 
undergo the process of sahkramana in relation to the smaller 
(square root). 

An example in illustration thereof. 

128In. the case of alongish quadrilateral figure, the measure 
of the area is 60, and the measure of its diagonal is 13. I wish 
to hear (from you) the measures of the perpendioular-side and the 
base. 

The rulo for arriving at the numerical values of the base and 
the perpendicular-side in relation to a longish quadrilateral 
figure, when the numerical value of the area of the figure and the 
numerical value of the perimeter (thereof) are known : — 

129^. From the quantity representing the square of half the 
perimeter, the measure of the area as multiplied b j four is to be 

127J. Adopting the same symbols as iu the note to stanea 125|, we have the 
following formula to represent the rule here given :— 


f V |V a2 + b2 ) + 2 ah ± hj ^ a/ a + ~2 ah 

ave 

t 2u + 2b / / U + 2b \ 8 ] 

i —-- Jk/y I 2 ) — 4 [ -j-2=o or b, as ti 


-r 2 = a or 6, 


as the case may be. 
129^. Here we have 

2a + 2b 


the case may be. 












subtracted* Then, on carrying out the process of sankramina 
with the square root (of this resulting difference) in relation to 
half the measure of the perimeter, the values of the (required) 
base and the perpendicular-side are indeed obtained. 

An example in illmtration thereof \ 

130|. In a derived longish quadrilateral figure, the measure 
of the perimeter is 170; the measure of the given area is 1,500. 
Tell me the values of the perpendicular-side and the base (thereof). 

The rule for arriving at the respective pairs of (required) 
longish quadrilateral figures, (1) when the numerical measures of 
the perimeter are equal, and the area of the first figure is double 
that of the second ; or, (2) when the areas of both the figures are 
equal, and the numerical measure of the perimeter of the second 
figure is twice the numerical measure of that of the first figure; 
or, (3) (again) when, in relation to the two required figures, the 
numerical measure of the perimeter of the second figure is twice 
the numerical measure of the perimeter of the first figure, and the 
area of the first figure is twice the area of the second figure :— 

131|—133. (The larger numbers in the given ratios of) the 
perimeters as also (of) the areas (relating to the two required 
longish quadrilateral figures,) are divided by the smaller (numbers) 
corresponding to them. (The resulting quotients) are multiplied 
(between themselves) and (then) squared. (This same quantity,) 


l&ljj to 133. If a and y represent the two adjacent sides of the fireifc 
rectangle, and a and b the two adjacent sides of the second rectangle, the 
conditions mentioned in the three kinds of problems proposed to be solved by 
this rule may be represented thus :— 

(1) x + y = a + b : 
xy «= 2ab. 

(2) 2(x + y) = a + b : 

xy = ab. 

(3) 2 (x + y) =as a + b : 

xy = 2ab. 

The eolation given in the rale seems to be correct only for the particular 
oases given in the problems in stanzas 131 to 136. 
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ob being multiplied by the given optional multiplier, gives rise to 
the value of the perpendicular-side. And in the case in which 
the areas (of tbe two required figures) arc (held to be) equal, 
(this measure of) the perpendicular-side as diminished by one 
becomes the measure of the base. But, in the other case (wherein 
the areas of the required figures are not held to be equal), the 
larger (ratio number) relating to the areas is multiplied by the 
given optional multiplier, and (tbe resulting product is) diminished 
by one . The measure of the perpendicular-side (arrived at as 
above) is diminished by the quantity (thus resulting) and is (then) 
multiplied by three : thus the measure of the base (is arrived at). 
Then, in respect of arriving at the other (of the two required 
quadrilateral figures), its base and perpendicular are to be brought 
out with the aid of the (now knowable) measure of its area and 
perimeter in accordance with the rule already given (in stanza t2'9£). 

Examples in illustration thereof . 

184. There are two (quadrilateral) figures, each of which is 
characterised by unequal length and breadth; and the given 
multiplier is 2. The measure of the area of the first (figure) is 
twice (that of the second), and the two perimeters arc equal. 
What are the perpendicular-sides and the bases hero (in this 
problem) ? 

135. There are two longish quadrilateral figures; and the 
(given) multiplier is also 2. (Their) areas are equal, (but) the 
perimeter of the second (fignre) is twice that of the first. (Find 
out their perpendicular-sides and bases.) 

136. There are two longish quadrilateral figures. The area of 
the first (figure) here is twice (that of the second figure). The 
perimeter of the seoond (figure) is twice (that of the first). Give 
out the values of their bases and their perpendicular-sides. 

The rule for arriving at a pair of isosceles triangles, so that 
the two isosceles triangles are characterised either by the values of 
their perimeters and of their areas being equal to each other, or 
by the values of their perimeters and of their areas forming 
multiples of each other;— 
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137, The squares (of the ratio-values) of the perimeters (of 
the required isosceles triangles) are multiplied by (the ratio-values 
of) the areas (of those triangles) in alternation. (Of the two 
products so obtained), (the larger one is) divided by the smaller; 
and (the resulting quotient) is multiplied by six and (is also 
separately multiplied) by two . The smaller (of the two products 
so obtained) is diminished by one. The larger product and the 
diminished smaller product constitute the two bljas (in relation 
to the longish quardrilateral figure) from which one (of t.he re¬ 
quired triangles) is to be obtained. The difference between these 
(two byas above noted) and twice the smaller one (of those byax) 
constitute the bljas (in relation to the longish quadrilateral figure) 
from which the other (required triangle) is to be obtained. (Prom 
the two longish quadrilateral figures formed with the aid of their 
respective bljas), the sides and the other things (relating to the 
required triangles) are to be arrived at as (explained) before. 

137. When a : bin the ratio of the perimeters of the two isosceles triangles, and 

c : d the ratio of their areas, then, according to the rule, and — 1 

a * a a* d 

and —~ + 1 a.nd ~~ — 2 are the two sets of btjas, with the help of which 

a 2 d a* d 

the values of the various required elements of the two isosceles triangles may be 
arrived at. The measures of the sides and the altitudes, calculated from these 
bljaa according to stanza 10SJ in this ohapter, when multiplied respectively by a 
and l>, (the quantities occurring in the ratio of the perimeters), give the required 
measures of the sides and the altitudes of the two isosceles triangles. They are 
as follow :• — 

I f / 6 b 2 c \» / 2 V* c 

Equal side = a x ( (“^T ) + ("FT" 1 

. _ 0 b 2 c /2 b 2 a \ 

Base = a x 2 x 2 x —- x ^ — lj 

Altitude = « * { (%)*- ^ “ *) } 

II Equal side = b x j + 1 j + (^jr ~ 2 ) } 

Base = 6 x 2 x 2 x + l) * (yy “2 ) 

.H^x {(±gS + Z )‘- (% - )•} 

Now it may be easily proved from these values that the ratio of the perime¬ 
ters is a i b , and that of the areas is c : d, as taken for granted at the beginning. 
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Examples in illustration thereof. 

138. There are two isosceles triangles. Their area is the same. 
The perimeters are (also) equal in value. What are the values of 
their sides, and what of their bases P 

139. There are two isosceles triangles. The area of the first 
one is twice (that of the second). The perimeter of both (of them) 
is the same. What'are the values of (their) sides, and what of 
(their) bases ? 

140. There are two isosceles triangles. The perimeter of the 
second (triangle) is twice (that of the first). The areas of the two 
(triangles) are equal. What are the values of (their) sides, and 
what of (their) bases ? 

141. There are two isosceles triangles. The area of the first 
(triangle) is twice (that of the second); and the perimeter of the 
second (triangle) is twice (that of the first). What are the values 
of (their) sides, and what of (their) bases P 

The rule for arriving at an equilateral quadrilateral figure, or 
for arriving at a regular circular figure, or for arriving at an equila¬ 
teral triangular figure, or for arriving at a longieh quadrilateral 
figure, with the aid of the numerical value of the proportionate 
part of a given suitable thing (from among these), when any 
optionally chosen number from among the (natural) numbers, 
starting with one> two , &c., and going beyond calculation, is made 
to give the numerical measure of that proportionate part of that 
given suitable thing :— 

142. The (given measure of the) area (of the proportionate part) 
is divided by the (appropriately) similarised measure of the part 
held (in the hand). The quotient (so obtained), if multiplied by 
four t gives rise to the measure of the breadth of the circle and 

142. In problems of the kind given under this rule, a oirole, or a square, or 
an equilateral triangle,or an oblong is divided into a desired number of equal parts, 
eaoh part being bounded on one side by a portion of the perimeter and bearing 
the sa me proportion to the total aroa of the figure as the portion of the perimeter 
bears to the perimeter as a whole. It will be seen that in the case of a 
circle eaoh part is a sector, in the case of a square and an oblong it is a rectangle, 
and in the case of an equilateral triangle it is a triangle. The area of each part 
and the length of the original perimeter contained in eaoh part are both of given 
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(also) of the square. (That same) quotient, if multiplied by fnx, 
gives rise to the required measure of the base of the (equilateral) 
triangle as also of the longish quadrilateral figure. Half (of 
this) is the measure of the perpendioular-side (in the case of the 
longish quadrilateral figure). 

An example in illustration thereof. 

143-145. A king caused to be dropped an excellent carpet on 
the floor of (his) palace in the inner apartments of his zenana 
amidst the ladies of his harem. That (carpet) was (in shape) a 
regular circle. It was held (in hand) by those ladies. The fist¬ 
fuls of both their arms made each (of them) acquire .15 (dandas out 
of the total area of the carpet). How many are the ladies, and 
what is the diameter (of the circle) here ? What are the sides of 
the square (if that same carpet be square in shape) ? and what the 


magnitude. The stanza states a rule for finding out the measure of the diameter 
of the circle, or of the sides of the square, or the equilateral triangle or the oblong. 
If m represents the area of each part and n the length of a part of the total 
perimeter, the formulas given in the rule are— 
m 

- x 4 ss diameter of the circle, or side of the square; 


m a 

and — x 6 i 


: side of the equilateral triangle or of the oblong ; 


and half of - x 6 *» the length of the perpendicular-side in the case of the 
n 

oblong. 

The rationale will be clear from the following equations, where x re¬ 
prestints the number of parts into which each figure is divided, a is the length of 
the radius in the case of the circle, or the length of a side in the case of the 
other figures ; and b is the vertical side of the oblong : 


In the case of the Circle 


In the case of the Square 


x x n 

X X TO 


2 7r a 9 
a * * 

Ta * 


In the case of the Equilateral Triangle 


x x 
a x 6 


3a 

here b is taken to be equal 


In the case of the Oblong---. 

* x n 2(a + b) 9 

to half of a. 

It has to bo noted that only the approximate value of the area of the equilateral 
triangle, as given in stanza 7 of this chapter, is adopted here. Otherwise the 
formula given in the rale will not hold good. 

143-145. What is called Jistful in this problem is equivalent to four ahgulas 
in measure. 










sides of the equilateral irianglo (if it be equriaterally triangular 
in shape)? Tell (me), 0 friend, the measures of the perpendicular 
side and the base, in (case the carpet happens to be) a longish 
quadrilateral figure (in shape). 

The rule for arriving at an equilateraliy quadrilateral figure or 
at a longish quadrilateral figure when the numerical value of the 
area of the figure is known :— 

146. The square root of the accurate measure of the (given) 
area gives rise to the value of the side of the (required) equilateral 
quadrilateral figure. On dividing the (given) area with an option¬ 
ally chosen quantity (other than the square root of the value of 
the given area, this) optionally chosen quantity and the resulting 
quotient constitute the values of the perpendicular-side and the 
base in relation to the (required) longish quadrilateral figure. 

An example in illustration thereof. 

147. What indeed is that equilateral quadrilateral figure, the 
area whereof is 64 ? The accurate value of the area of the longish 
(quadrilateral) figure is 60. What are the values of the perpen¬ 
dicular-side and the base here ? 

The rule for arriving at a quadrilateral figure with two equal 
sides having the given area of such a quadrilateral figure with 
two equal sides, after getting at a derived longish quadrilateral 
figure with the aid of the given numerical bija * and also after 
utilizing a given number as the required multiplier, when the 
numerical value of the accurate measure of the area of ibe required 
quadrilateral figure with two equal sides is known:— 

148. The square of the given (multiplier; is multiplied by the 
that (given) area. The (resulting) product is diminished by 
the value of the area (of the longish quadrilateral figure) derived 
(from the given bijas ). The remainder, when divided by the base 

14S. The problem here is to construct, a quadrilateral figure of given area and 
with two equal sides. For this purpose an optionally chosen number and a set of 
two bijas are given. The process described in the rule will become clear by 
applying it to the problem given in the next stanza. The bijas mentioned 
therein are 2 and 3 j and tho given area is 7, the given optional number being 3. 
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(of this derived longish quadrilateral figure), gives rise to the 
measure of the top-side. The value of the perpendicular-side (of 
the derived longish quadrilateral figure), on being multiplied by 
two and increased by the value of the top-side (already arrived 
at), gives rise to the value of the base. The value of the base (of 
the derived longish quadrilateral figure) is (the same as that 


its larger side, and 13 for the 
measure of its diagonal; and its 
area is 60 in value. Now the area 
given in the problem is to be multi* 
plied by the square of the given 

optional number in the problem, so that we obtain 7xB 2 
we have to subtract 60, which is 
the measure of the area of the 1 

rectangle constructed on the basis CZL..__ __ n 

of the given Kjas ,* and this gives 3 12 

as the remainder. Then the thing 

to be done is to construct a rectangle, the area whereof h 
one of the sides is equal to the longer side 
of the rectangle derived from the same 
bljaa. Since this longer side is equal to 12 
in value, the smaller side of the required 
reotangie has to be £ in value as shown 
in the figure here. Then the two triangles, / 

into which the reotangie derived from the ^ j 

btjaa may be split up by its diagonal / 

are added one on eaoh side to this last / 

rectangle, so that the sides measuring 12 / 

in the case of these triangles coincide j 

with the sides of the rectangle having j 

12 as their measure. The figure here / 

exhibits the operation. j 

Thus in the end we get the quadrilateral / 

figure having two equal sides, each of / 
which measures 13, the value of the other / 6 

two sides being £ and 10£ respectively. L ____ 

From this the values of the sides of 
the quadrilateral required in the problem may be obtained by dividing by the 
given optional number namely 3, the values of its sides represented by 13, J 13 

r, n/l 1 ill *■* ^ 


63. From this G3, 


13 j 

\ 13 

/ 12 

12 \ 

/ 6 

i 5 \ 
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of) the perpendicular dropped (from the ends of the top-sicle) ; 
and the diagonals (of the derived longish quadrilateral figure) are 
(equal in value to) the sides. These (elements of the quadrila¬ 
teral figure with two equal sides arrived at in this manner) have 
to be divided by the given multiplier (noted above to arrive at 
at the required quadrilateral figure with two equal sides). 

An example in illustration thereof. 

149. The accurate value of the (given) area is 7; the optional 
given multiplier is 3 ; and the bijas are seen to be 2 and 3. Give 
oat the values of the two sides of a quadrilateral figure with two 
equal sides and of its top-side, base, and perpendicular. 

The rule for arriving at a quadrilateral figure with three 
equal sides, having an accurately measured given area, (with the 
aid of a given multiplier):— 

150. The square of the value of the (given) area is dividod by 
the cube of the given (multiplier). (Then) the given (multiplier) 
is added (to the resulting quotient). Half (of the sum so obtained) 
gives the measure (of one) of the (equal) sides. The given 

150. It is stated in the rule here fchafc the given area when divided by the 
given optional number gives rise to the 
value of the perpendicular in relation 
to the required figure. As the area is 
equal to the product of the perpendi¬ 
cular and half the stun of the base and 
the top-side, the given optional number 
represents the measure of half the sum 
of the base and the top-side. If 
A BCD be a quadrilateral with three 
equal sides, and CE the perpendicular 
from C on AD, then AE is half the 
sum of AD and BC, and is equal to the 
given optional number. It oan be 
easily shown that 2 AD. AE = CE 2 + 

AE 2 . 



/.AD: 


CE 2 +AE 2 


2AE 


CE* x AE 2 

. CE* + AE ""'aE* + ae 


(CExA E^a^ 

AE* 


2 AE T 2 = 


Here CE x AE the given area of the quadrilateral. This last formula 
happens to be what is given in the rule for finding out any of the three equal 
sides of the quadrilateral contemplated in the problem. 
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(multiplier) as multiplied by two and (then) diminished by the 
value of the side (just arrived at) gives rise to the value of the 
top-side. And the (given) area divided by the given (multiplier) 
gives rise to the value of the perpendicular (dropped from the 
ends of the top-side) in relation to this required quadrilateral figure 
with three equal sides. 

An example in illustration thereof . 

151. In the case of a certain quadrilateral figure with three 
equal sides, the accurate value of the area is 96. The given 
multiplier is 8. Give out the values of the base, of the sides, of 
the top-side and of the perpendicular. 

The rule for arriving at the numerical measures of the top¬ 
side, of the base, and of the (other) sides in relation to a quadrila¬ 
teral figure having unequal sides, with the aid of 4 given divisors, 
when the accurate value of the area (of the required quadrilateral 
figure) is known :— 

152. The square of the given area is divided (separately) by 
the four given divisors; (and the four resulting quotients are 
separately noted down). Half of the sum of (these) quotients 
is (noted down) in four positions, and is (in order) diminished 
(respectively) by those (quotients noted down above). The 
remainders (so obtained) give rise to the numerical values of the 
sides of a quadrilateral figure (having unequal sides and conse¬ 
quently) named c unequal. 5 


152. The area of a quadrilateral with unequal sides has already been men¬ 
tioned to be (s~b) - d), where a = half the perimeter, and 

a, b , c, and d are the measures of the sides (tide note to stanza 50 in this chapter). 

The rule here given requires that the numerical value of the area should be ^ 

squared and then divided separately by the four optionally chosen divisors. If 
— a) (s — b) ( s — c) (s — d) is divided by four suitably chosen divisors so as to 
give as quotients —a, s — b, s — e, and • — d } then on adding these quotients and 
halving their sum, the resnlt is seen to be a. If 3 is diminished in order by 
<s— a, s-6, k~c, and a-d, the remainders represent respectively the values of the 
sides of the quadrilateral with unequal sides, 
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An example in illustration thereof . 

153-153|. In the the case of a quadrilateral figure with unequal 
sides, the (given) accurate measure of the area is 90. And the 
product of 5 multiplied by 9, as multiplied by TO, 18, 20 and 
36 respectively, gives rise to the (four given) divisors. Tell me 
quickly, after calculating, the numerical values of the top-side, the 
base and (other) sides. 

The rule for arriving at the numerical value of the sides 
of an equilateral triangular figure possessing a given accurately 
measured area, when the value of (that) accurately measured area 
is known:— 

154^. Four times the (given) area is squared. (The resulting 
quantity) is divided by 3. The quotient (so) obtained happens 
to be the square of the square of the value of the side of an 
equilateral triangular figure. 

An example in illustration thereof . 

155£. In the case of a certaiu equilateral triangular figure, 
the given area is only 3. Calculate and tell me the value of (its) 
side. 

After knowing the exact numerical measure of a (given) 
area, the rule for arriving at the numerical values of the sides, 
the base and the perpendicular of an isosceles triangular figure 
having that same accurately measured area (as its own);— 

156|-. In the oase of the isosceles triangle (to be so) construc¬ 
ted, the square root of the sum of the squares of the quotient 
obtained by dividing the (given) area by an optionally chosen 
quantity, as also of (that) optionally chosen quantity, gives rise 
to the value of the side : twice the optionally chosen quan¬ 
tity gives the measure of the base; and the area divided by 

154*, The rule hero given may be seen to be derived from the formula for 
the area of an equilateral triangle, viz., area = a 8 x j where a is the 
measure of a side. 

156In problems of tho kind contemplated in this rule, the measure of the 
area of an isosceles triangle is given, and tho value of half the base chosen at 
option is also given. Thu measures of the perpendicular and the side are then 
easily derived from these known quantities. 
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the optionally chosen quantity gives rise to the measure of the 
perpendicular. 

An example in illustration thereof. 

157|% In the case of an isosceles triangular figure, the accurate 
measurement of the area is 12. The optionally chosen quantity 
is 3. Give out quickly, 0 friend, the values of (its) sides, base, 
and perpendicular. 

The rule for arriving, after knowing the exact numerical 
measure of a (given) area, at a triangular figure with unequal 
sides, having that same accurately measured area (as its own) :— 

158^. The given area is multiplied by eight , and to the 
resulting product the square of the optionally oliosen quantity is 
added. Then the square root (of the sura so resulting is obtained). 
The cube (of this square root) is (thereafter) divided by the option¬ 
ally chosen number and (also) by the square root (obtained as above). 
Half of the optionally chosen number gives the measure of the 
base (of the required triangle). The quotient (obtained in the 
previous operation) is lessened (in value) by the (measure of this) 
base. (The resulting quantity) is to be used in carrying out the 
sahkramana process in relation to the square of the optionally 
chosen quantity as divided by two as well as the square root 
(mentioned above). (Thus) the values of the sides are arrived at. 

158$. If A represents the area of a triangle, and d is the optionally chosen 
number, then according to the rule the required values are obtained thus : 



( Vsa +j* y d j. j _ 

dVsA+rf* 2 2\/8A+d*_.. 

and- 2 -_____ sides. 

When the area and the base of a triangle are given, tho locus of the vertex 
is a line parallel to the base, and the sides can have any set of values. In order 
to arrive at a specific set of values for the sides, it is evidently assumed here 
that the sum of the two sides is equal to the sum of the base and twice the 

altitude, i.e., equal to -4 + With this assumption, the formula above 

2 d-7-4 

given for tho measure of the sides can be derived from the general formula for 
the area of the triangle, /f s ( 9 ~Z a)~’(^ b) (*_<•) 8*vcn in stanza 50 of this 
chapter. 
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An example in illustration thereof, 

1594, In the ease of a certain triangular figure with unequal 
sides, it has been pointed out that 2 constitutes the accurate 
measure of its area and 3 is the optionally chosen quantity. 
What is the value of the base as well 'as of the sides (of that 
triangle) P 

Again, another rule for arriving, after knowing the exact 
numerical measure of a (given) area, at a triangular figure with 
unequal sides having that same (accurately measured) area (as its 
own) 

160|~16L|. The square root of the measure of the given area 
as multiplied by eight &xi<{ as increased by the square of an option¬ 
ally ohosen number is obtained. This and the optionally chosen 
number are divided by each other. The larger (of these quotients) 
is diminished by half of the smaller (quotient). The remainder 
(thus obtained) and (this) half of the smaller (quotient) are 
respectively multiplied by the above-noted square root and the 
optionally choson number. On carrying out, in relation to the 
products (thus obtained), the process of sankramana , the values 
of the base and of one of the sides are arrived at. Half of the 
optionally chosen number happens to he the measure of the other 
side in a triangular figure with unequal sides. 

An example in illustration thereof . 

162J. In the case of a triangle with unequal aides, the accurate 
measure of the area is 2, and the optionally chosen quantity is 3. 
0 friend who know the secret of calculation, give out the measure 
of the base as well as of the sides. 

The rule for arriving, after knowing the accurate measure of 
a (given) area,’ at a regularly circular figure having that accurately 
measured area (as its own):—» 

163-ij. The accurate measure of the area is multiplied by four 
and is divided by the square root of ten. On getting at the square 

163b The rule in. this 8tan*a- is derived from the formula, area =- x /y 10, 
where d is the diameter of the circle. 
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root (of the quotient resulting thus), the value of the diameter 
happens to result. In relation to a regular circular figure, the 
measure of the area and the circumference are to be made out as 
explained before. 

An example in illustration thereof \ 

164^. In the case of a regular circular figure, the accurate 
measure of tho area has been pointed out to bo 5. Calculate 
quickly and tell me what the diameter of this (circle) may be. 

On knowing the approximate measure as well as the accurate 
measure of an area, the rule for arriving at a quadrilateral figure 
with two equal sides as well as at a quadrilateral figure with three 
equal sides, having those same approximate and accurate measures 
(as such measures of their areas) :— 

165^. In the case of (the quadrilateral with) two equal sides, 
the square root of the difference between the squares of the 
(approximate and aeourate) measures of the area is to be obtained. 
On adding (this square root) to the ox^tionally chosen quantity and 
on subtracting (the same square root from the same optionally 
chosen quantity), the base and the top-side are so obtained as to 
have.to be divided by the square root of the optional quantity. 
The approximate measure of the area gives rise to the value of the 
sides so as to have to be divided by the square root of the optional 
quantity. 

165^. II R represents the approximate area of a quadrilateral with two equal 
sides, and r the accurate value thereof, and p is the optionally chosen number, 
then 

VS* - *•* + p p- V - *•* 

base = —; top-side =»-- 4 > and eaoh of the 

V P Np 

R 

equal sides =—- # If a, b, c and d he the moasures of the sides of 

Vi> 

the quadrilateral with two equal sides, b 
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In the ease of (the quadrilateral figure with) three equal aides, 
the square root (of the difference between the two area-squares above 
nofed) is added to the approximate measure of the area. (On 
treating the resulting sum ss the optional quantity and) on adding 
and subtracting (the said square Toot as before), the base and the 
top-side are obtained so as to have to be divided by the square root 
of (such) optional quantity. (Here also), the approximate measure 
of the area, on being divided by the square root of (this) optional 
quantity, gives rise to the measure of the other sides. 

An example in illustration thereof, 

166-J. The accurate measure of the area is 5 ; the approximate 
measure of the area is 18 ; and the optionally chosen quantity is J 6, 
What are the values of the base, the top-side, and the (other) side 
in the case of a quadrilateral figure with two equal sides ? 

An example relating to a quadrilateral figure with three 
equal sides. 

167^. The accurate measure of the area is 5 ; and the approxi¬ 
mate measure of the area is 13. Think out and tell me, 0 friend, 
the values of the sides of the quadrilateral figure with three 
equal sides. 

The rule for arriving, when the approximate and the accu¬ 
rate measures of an area are known, at the equilateral triangle and 
also at the diameter of the circle, having those same approximate 
and accurate measures (for their area);— 

168|. That which happens to be the square root of the square 
root of the difference between the squares of the (approximate 
measure and of the accurate measure of the given) area is to be 


B ; P = and r = b -±J. x fj * - JLrjg. 

Tho formulas given above for the base and tbe top-side can be easily verified 
by substituting these values of B, r and p therein. Similarly the rule may be 
seen to hold good in the case also of a quadrilateral figure with three equal sides. 

168£. For the approximate and accurate values of an equilateral triangle see 
rules in stanzas 7 and 50 of this chapter. 
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multiplied by two . The result is the measure of the side in the 
(required) equilateral triangle. It is also the measure of the 
diameter of the (required) regular oircle. 

Examples in illustration thereof, 

1(39^. The approximate area is 18. The accurate area is the 
square root of 3 8 as multiplied by 9. Tell me, 0 friend, after 
calculating, the measurement of the (required) equilateral triangle. 

170£. The accurate measure (of the area) is the square root of 
6,250. The approximate measure (of the area) is 75. What is the 
measure of the diameter of the circle (having such areas) P 

When the practically approximate and the accurately calcu¬ 
lated measures of an area are known, the rule for arriving at the 
numerical values of the base and the side of an isosceles triangle 
having the same approximate and accurate measures for its area :— 

171^. Twice the square root of the difference between the 
squares of the (approximate and the accurate) measures of the 
area is to be taken as the base of a (certain isosceles) triangle ; 
and the given approximate measure (of the area) is to be taken as 
the value of one of the equal sides. And on dividing (these 
values of the base and the side) by the square root of half (the 
above derived value) <»f the base, (the required measures of the 
base and the side of the required isosceles triangle are obtained). 
This is the rule in relation to the isosceles triangle. 


An example in illustration thereof. 

It is pointed out that here, in this case, the accurate 
measure of the area is 60, and the approximate measure is 65. 
Tell me, 0 friend, after calculation, the numerical measure of tho 
sides of the (required) isosceles triangle. 

An optional number and a quadrilateral figure with two equal 
sides being giveD, the rule for arriving at the numerical values of 
the base, and the top-side, and the (other) sides of another quadri¬ 
lateral figure (with two equal sides) which has an accurate measure 


MO 
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of area equal to the accurate measure of the area of the given 
quadrilateral figure with two equal sides :— 

1731. If the square of the value of the perpendicular (in the 
given quadrilateral figure with two equal sides) is used along with 
the given optional number iu canning out the process of viaama- 
sankramana , then the larger (of the two results obtained) becomes 
the measure either of the equal sides (in the required quadri¬ 
lateral figure with two equal sides). Half of the sum of the values 
of the top-side and the base (in the given quadrilateral figure with 
two equal sides), on being respectively inoreased and decreased by 
the smaller (of the two results in the msamasankramana process 
above-mentioned), gives rise to the values of the base and the 
top-side in the (required) quadrilateral figure with two equal sides, 


173|. The problem, contemplated in this role is to construct a quadrilateral 
with twD equal sides that shall be equal in area to a given quadrilateral with 
two equal sides and shall also have the same perpendicular distance from the top¬ 
side to the base. Let a and c be the equal sides of the given quadrilateral, and b 
and d be the top side and the base thereof respectively; and let the value of the 
perpendicular distance bep. If aj, 6 lf c h be taken to be the corresponding 
sides of the required quadrilateral, then, since the area and the perpendicular 
are the same in the case of both the quadrilaterals, we have, 


ch + &*■=»<* + &(I) : 



di or ? (IV) 


Here N is what is called f S' or the optionally given number in the rule, and 
formulas Ill and IV are those that are given in the rule for the solution of the 
problem. 
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An example in illustration thereof \ 

174$. The base (of the given quadrilateral figure) is 14 ; each of 
the (two equal) sides is 13 ; the top-side is 4; the perpendicular is 
12; and the optionally given number is 10. What is that other 
quadrilateral figure with two equal sides, the accurate measure (of 
the area) of which is the same as (the accurate measure of) the 
area of (this given quadrilateral) ? 

When an area with a given practically approximate measure 
is divided, into any required number of parte, the rule for 
arriving at the numerical measure of the bases of those various 
parts of the quadrilateral figure with two equal sides, as also at 
the numerical measure of the sides as measured from the various 
division-points thereof, the numerical measure of the practically 
approximate value of the area of the quadrilateral figure with two 
equal sides being given :— 

175^. The difference between the squares of the (numerical) 
values of the base and the top-side (of the given quadrilateral 
figure with two equal sides) is divided by the total value of the 
(required) proportionate parts. By the quotient (so obtained), 


175*. If ABCD be a quadrilateral with two equal sides, and if EF, GH and 
KL divide the quadrilateral so that the divided portions A_ b 
are in the proportion of m t n, pand q in respeot 
of area, then according to the rule, , m 


EF = J' . r - x m + i/i 

▼ m + n + p + q 

▼ m + n + 


r - 6* 


p + q 


x ( w + w) 4* 


KL = -—---x (m + n + p) + 

'Vm + n + p + q 




and so on. 


Similarly AE = 




in 


m + 7t + p + *2 


/ d + b\ 

(**— ) 


GK - 


EF 4* AD 
2 


m + n + p + q 


J EG : 


(a 


d + b' 


'V 


2 7 w + tt + p + 


GH + ME 

2 


KL + GH 

2 


j and so on. 


It can be easily shown that 


AB „ EC-AD 
AS EF-AD 


31 
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the ratio values of the (various) parts* are (respectively) multiplied. 
To each of the products (so obtained), the square of the measure 
of the top-side (of the given figure) is added. The square root 
(of the sum so obtained) gives rise to the value of the base (of 
each of the parts). The area (of each part divided by half the 
sum - of the values of the base and the top-side (thereof ) gives in 
(the requisite) order the value of the perpendicular (which for 
purposes of approximate measurement is treated as the side). 

Examples in illustration thereof . 

176^. The measure of the top-side is given to be 7 ; that of 
the base below is 23, and that of each of the (remaining) sides is 
30. The area (included within such a figure) is divided between 
two so that each obtains one (share). What is the value of the 
base (to be found out here) P 

177|—178£. The measure of the base (of a quadrilateral with 
two equal sides) is 162, and that of teho top-side (thereof) is seen 
to be 18. The value of each of the (two equal) sides is 400. The 
area of this (figure so enclosed) is divided among 4 men. The 
parts obtained by the men are (in the proportion of) 1, 2, 3, 
and 4 respectively. Give out, in accordance with this propor¬ 
tionate distribution, the values of the area, of the base, and (of 
either) of the (two equal) sides (in each case). 

179£. The measure of the base (of the given quadrilateral 
figure) is 80, that of the top-side is 40 ; the measure (of either) of 


BC 2 —AD 2 


AB (BC + AD) 

* * 4 AB(BF + AD) EF 2 -AD 2 

A. B (B C + A D) _ m + n + p + q # 
But A jg--jr B jr*. A [)') w s 

m (B 0—A D») 


-Jf 


and E F * 


m + n ■f q 


+ AD 2 = 


, B O 2 —A D* 
* E F 2 —A D* 


w + n + j) + q . 


Vi 


m 4 - n + p + q 


x m + b* : 


d 2 - b 2 


x m + bK 


wt + % + p + j 

Similarly the other formulas may also he verified. 

-• * Although the text simply states that the quotient has to be multiplied by 

the value of the parts, what is intended is that the quotient lias to be multiplied 
by the number representing the value of the parts up to the top-side in each case. 
That is, in the figure on the previous page, to arrive at GH, for instance, 
# — b 2 

-has to be multiplied by m + n and not by n merely. 
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the (two equal) sides is 4. X 60. The* share parts are (in the 
proportion of) 3, 8, and 5. (Find out the values of the areas, the 
bases, and the sides of the required parts). 

In the case of two pillars of known height, two strings Are 
tied, one to the top of each. Each of these two strings is stretohed 
in the form of a hypotenuse so as to touch the foot of the other 
pillar, or so as to go beyond the other pillar and touch (the 
ground). From the point where the two hypotenuse strings 
meet, another string is suspended (perpendicularly) till (it touches) 
the ground. The measure of this (last) string goes by the name 
antardvalambaka or the inner perpendicular. The line starting 
on either side from the point where (this) perpendicular string 
touchos (the ground) and going to the points where the (above- 
mentioned) hypotenuse strings touch the ground has the name 
of abddha , or the segment of the base. The rule for arriving at 
the values of such inner perpendicular and (suoh) segments of the 
baso:— 

180 The measurement of each of the pillars is divided by 
the measurement of the baso covering the length between the 
(foot of the pillar) and the (point of contact of the hypotenuse) 
string (with the ground). Each of the quotients (so obtained) is 


180£. If a and b represent the 
height of the pillars in the diagram, 
c the distance between the two pilla 
r«, and m and n the respective dist¬ 
ances of the pillars from the jpoint 
where the string stretched from the 
top of the other pillar meets the 
earth, then, according to the rule, 


(c + m + n) ; where c a and c a are segments of 


,» where p is the meas- 


the base as a whole ; and p = Cp x - 

c + m 

ure of the inner perpendicular. From a consideration of the similar triangles 

c c j. 7 i Ci _, c + tn . 

in the diagram ib may bo seen that =» - and -- — -r-- 
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(then) divided by their site. The (resulting) quotients, on being 
multiplied by the measure of the base (as a whole) give rise to the 
(respective basal) segments. These (measures of the segments 
respectively) multiplied in the inverse order by the quotients 
(obtained in the first instance as above), give rise (in each ease) to 
the value of the inner perpendicular. 

Examples in illustration thereof . 

181^. (The given) pillars are 16 hastas in height. The base 
(covering the length between the points where the strings touch 
the ground) is pointed out to be 16 hastas. Give out, in this 
ease, the numerical value of the segments of the base and also of 
the inner perpendicular. 

182^-. The height of one pillar is 36 hastas ; that of the second 
is 20 hastas, The length of th6 base-line is 1 2 hastas. What is 
the measure of the (basal) segments and what of the (inner) 
perpendicular ? 

183^-184|. (The two pillars are) 12 and 15 hastas (respect¬ 
ively) ; the measure of the interval between the two pillars is 
4 hastas . From the top of the pillar of 12 hastas a string is 
Btretohed so as to cover 4 hastas (along the basal line) beyond the 
foot of the other pillar. From the top of (this) other pillar 
(which is 15 hastas in height) a string is (similarly) stretched so 
as to cover 1 hasta (along the basal line) beyond the foot (of the 
pillar of 12 hastas in height). What is the measure of the (basal) 
segments here, and what of the inner perpendicular ? 

185J. (In the ease of a quadrilateral with two equal sides), 
each of the two sides is 13 hastas in measure. The base here is 14 


From these rati or we get 


c » 

c } __ _ a (c + m) 

* c~j + Cq a (c + m) + b(c + n) 


0 . , 6(c + w) (c +w + n) ^_j_ w 

Similarly c* = —-- x""n -r » an(i V = c z * 

J a a(c + m)+b (c+n) 


a (c + >n) 
b (c + n) 5 

— a ( c + m ) ( c * m + n ) . 
Cl a(c+w) + b(c + n) 

a 

-, or Ci x - 


c bn ~ c +m. 

1S5 J. Here a quadrilateral with two equal siles is given ; in the next stanza 
& quadrilateral with three equal sides, and in the one next to it a quadrilateral 
with unequal sides are given. In all these eases the diagonals of the quadri¬ 
lateral have to be first found out in accordance with the rule given in stan*a 
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hastas, and the top-side is 4 hastas . What is the measure of the 
(basal) segments (caused by the inner perpendicular) and what 
of the inner perpendicular (itself) ? 

1864* In the case of the (quadrilateral) figure above-mentioned, 
the measures of the top-side and the base arc each to be taken to 
be less by 1 hada . From the top of each of the two perpendi¬ 
culars, a string is stretched so as to reach the foot (of the other 
perpendicular). You give out the measures of the inner perpendi¬ 
cular and of the basal segments (caused thereby). 

187^. (In the case of a quadrilateral with unequal sides), one 
side is 13 hastas in measure ; the opposite side is 15 hastas ; the 
top-side is 7 hastas ; and the base here is 21 hastas What aro 
the values of the inner perpendicular and of the basal segments 
(caused thereby) ? 

1881894. There is an equilateral quadrilateral figure, 
measuring 20 hastas at the side. From the four angles of that 
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(figure) strings are stretched, out so as to reach the middle point of 
the (opposite) sides, (this being done) in respect of all the four sides. 
What may be the measure of each of the strings so stretched out ? 
In the interior of .such (a quadrilateral figure with strings so 
stretched out), what maybe the value of the (inner) perpendicular 
and of the basal segments (oansed thereby) ? 

The measure of the height of the pillar is known. For some 
reason or other that pillar gets broken and (the upper part of the 
broken pillar) falls (to the ground, the lower end of the broken off 

contact with the top of the lower 


part, however, remaining 
part). Thou the basal distance between the foot of the pillar and 
its top (now on the ground) is ascertained. And (here is) the 
rule for arriving at the numerical value of the measure of the 
remaining part of the pillar measured from its foot:— 

190j-. The half of the difference between the square of the 
total height and the square of the (known) measure of the basal 
distance, when dividod by the total height, gives rise to the 
measure of what remains unbroken. What is left thereafter (out 
of the total height) is the measure of the broken part. 

Examples in illustration thereof . 

191The height of a pillar is 25 hastas. It is broken some¬ 
where between (the top and the foot). The distance between 
the (fallen) top (on the door) and the foot of the pillar is 5 hastas. 
How far away (from the foot) is it (viz., the pillar) broken ? 


190^, If A B C is a right-angled triangle, mrl 
if the measures of AC and of the sum of AB and 
BC are given, then AB and BC can be found out 
from the fact that BC 2 = ABHAC 2 . The for- 


aud this can be easily proved to be true from 
the above equality. 
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192|. There are 49 hastas in the measurement of the height 
of a bamboo (as it is growing). It is broken somewhere between 
(the top and the bottom). The distance (between the fallen top 
on the floor and the bottom of the bamboo) is 21 hastas. How 
far away (from tho foot) is it broken ? 

193i-195£. The height of a certain tree is 20 hastas. A 
certain man seated on the top (of it) threw down a fruit thereof 
along a path forming a hypotenuse. Then another man standing 
at the foot of the tree went towards that fruit taking a path repre¬ 
senting the other side (i.e., the base of the triangle in the situation) 
and received that fruit. The sum of the distances travelled by 
that fruit and this man turned out to he 50 hastas. What is the 
numerical value of tho hypotenuse representing the path of that 
fruit ? What may be the measure of tho other side representing 
the path of tho man who was at the foot of the tree r 

The numerical value (of the height) of a taller pillar as also the 
numerioal value (of the height) of a shorter pillar is known. The 
numerical value (of the length) of the intervening space between 
the two pillars is also known. The taller (of the two pillars) gets 
broken and falls so that tho top thereof rests on the top of the 
shorter pillar, (the other end of the broken bit of the taller pillar 
being in contact with the top of the remaining portion thereof). 
And now the rule for arriving at the numerical value (of the 
length) of the broken part of the taller pillar as also at the numeri¬ 
cal value (of the height) of the remaining part (of the same talier 
pillar):— 

196). From the square of (the numerical measure of) the 
taller (pillar), the sum of the square of the measure of the shorter 



X96J- If a. represents the height of the taller pillar 
and b that of the shorter pillar, o the length of the inter¬ 
vening space between them, and a l the height of the 
standing portion of the broken pillar, then, according to 
the rule, 


_ a 2 — (6 2 + c*) 
01 2 (a — 6) 


c 
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(pillar) and the square of that of the base is subtracted. Half (of 
the resulting remainder) is divided by the difference between 
(the measures of) the two pillars. The quotient gives rise to the 
measure of the height (of the standing part) of the broken 
(pillar). 

An example in illustration thereof. 

1071. One pillar is 5 hastas in height; similarly another pillar, 
which is the taller, is 23 hastae (in height). The (length of the) 
intervening space (between the pillars) is 12 hastas. The top of the 
broken taller (pillar) falls on to the top of the other (pillar). (Find 
out the height of the standing part of the broken taller pillar.) 

Taking two-thirds of the numerical value of the vertical side 
of a longish quadrilateral as the height of a mountain, the 
rule for arriving, with the aid of the numerical value of the height 
of that mountain, at the numerical values of the horizontal side 
and of the diagonal of that longish quadrilateral: — 

198£. Twice the height of the mountain is the measure of the 
distance between the (foot of the) mountain and the city (there). 
Half (the height) of the mountain is the measure (of the distance) 
of the upward flight in the sky. The diagonal is arrived at on 
adding together half the height of the mountain and the distance 
(of the city from the foot of the mountain). 

An example in illustration thereof 
199-J~200^. On a mountain having a height of 6 yojanas there 
were 2 ascetics. One of them went walking on foot. The other 


199}- 200$, If in the marginal figure, a 
represents the height of the mountain, b 
the distance of the city from the foot of 
the mountain, and c the length of the 
hypotenuse oonrse, then a is, according 
to the supposition made in the proamble 
to the rule in 198}, } of the side AB. 
Therefore the height of the flight upwards 
<.*♦, 1®B., is } a . I 


As the courses of the two ascetics are equal, 

c t \a = a + b ,\ c = f a + b 
•*. c 2 = + b 2 + ab. 

But c 2 = fa 2 + b* i ab = 2a~ b = 2a ... ... HI t#i ] 

The three formulas marked I, II and III above are those given in the rule. 
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was capable of moving in the sky. This ascetic flew up and then 
came down to the city taking the hypotenuse course. The other 
ascetic descended from the summit (vertically) to the foot of the 
mountain (and walked along) to the city. (It was found that) 
both of them had travelled over the same distance. (W hat is) the 
distance of the city (from the foot of the mountain) and what the, 
height of the flight upwards ? 

In an area representable by a (suspended) swing (and its 
vertical supports resting on the ground), the < measures of the 
heights of either two. pillars or two hill-tops are taken to be the 
measures of the horizontal sides of two longish quadrilateral figures. 
Then, (with the aid of these known horizontal aides and) in 
relation to the base line either between the two hills or between 
the two pillars, (as the case may be), the values of the two segments 
(caused by the meeting point of the perpendicular) are arrived at. 
These two segments are written down in the inverse order. The 
values of the two segments so written down in the inverse order 
are taken to be the values of the two perpendicular sides of the 
two longish quadrilateral figures. And, now, the rule for arriving 
at the equal numerical value of the diagonals of those (two longish 
quadrilateral figures) 

20i^~203|. In relatidn to a figure representable by a (sus¬ 
pended) swing (and its vertical supports resting on the ground), 
the measures of the heights of either two pillars or two hills are 
taken to be the measures of the two sides of a triangle. Then, in 
relation to the value of the base (line) enclosed between those two 



20l$-203In the two quadrilaterals 
of the kind contemplated in this rule, let 
the vertical sides be represented by a, b j 
b let the base be c ; and let Cj, c 2t be its seg¬ 
ments and l the length of each of the 
equal portions of the rope. 
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sides (which has to be the same in value as the base line between 
the given pillars or hills), the segments (of the base caused by the 
meeting of the perpendicular from the vertex with the base) are 
arrived at in accordance with the rule laid down already. If the 
values of theso (segments) are written down in the inverse order, 

. they become the values of the two perpendicular sides of the two 
longish quadrilaterals in the required operation. Then, in accord¬ 
ance with the rule given already, the values of the diagonals 
of the two longish quadrilateral figures may be arrived at with 
the aid "of the values of those two sides (of the triangle above 
mentioned which are taken here as the two horizontal sides of 
the longish quadrilateral) and of those two perpendicular sides. 
These (diagonals) are of equal numerical value. 

Examples in illustration thereof \ 

204^-205. One pillar is 13 ( hastas in height). The other is 
15 (hastas in height). The intervening distance (between them) 
is 14 (hastas). A rope (having its two ends) tied to the tops (of 
these two pillars) hangs down so as to touch the ground (some 
where between the two pillars). What are the values of the 
two segments, (so earned, of the base-lino between the pillars) ? 
The two (hanging) parts of the rope are (in their length) of equal 
numerical value. Give out also the rope-measure. 

206~207ijf. The height of (one) hill is 22 ( yojanus ), That of 
another hill is 18 ( yojanas ). The intervening space between the 
two hills is 20 (yojanas in length). There stand two religious 
mendicants, (one) on the top of each, who can move along the 
sky. For the purpose of begging (their food), they (came down 


Now, a* + —+ c * 2 • 

fa + ci) (c 2 ~ ci) = a* - b* j and c A + c 2 = c ; 
a* - b* „ a a - 6* 

c * = —g-and ci =-g- 

Those Tallies are obviously those of the segments of the base o of a triungle 
having the sides a and 5, the segments having been caused by the perpendicular 
from the vertex. This is what is stated in this role. Vide rule given in stanza 
40 above. 
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through the sky and) met in the city there (between the hills); and 
it turned out that they had travelled (along the sky) over equal 
distances. (Under these ciroumstances), of what numerical value 
were the segments (of the basal line between the two hills) ? Of 
what value, 0 you who know calculation, is the numerical measure 
of the equal distance travelled in this (area) representable by a 
(suspended) swing. 

208|-~209| . The height of one hill is 20 y'6janas ; and simi¬ 
larly, that of another (hi) 1) is 24 yojanas. The intervening space 
between them is 22 yojanas (in length). Two mendicants, who 
stayed on the tops of these two hills, (one on each), and were 
able to move through the sky, came down, for the purpose of 
begging their food, to the city situated between those (two hills), 
and were found to have travelled (along the sky) over equal 
distances. What is the measure (of the length) of the intervening 
space between that (city) in the middle and the hills (on either 
side). 

The rule for arriving at the value of the number of days 
required for the meeting together of two persons moving with 
unequal speed along a course representable by (the boundary of) 
a triangle consisting of (three) unequal sides : — 

■210$. The sum of the squares (of the numerical values) of 
the daily spoeds (of the two men) is divided by the difference 
between the squares of the values of (those same) daily speeds. 
The quotient (so obtained) is multiplied by the number of days 
spent (by ne of the men) in travelling northwards (before tra¬ 
velling to the south-east to meet the other man). The meeting 
together of (these) two men takes plaoe at the end of the number 
of days measured by this product. 

210fr. The coarse contemplated here is that along the sides of a right angled 
triangle. The formula given in the rule, if algebraically represented, is 


where x is the number of days taken to go through the hypotenuse course, 
a and b the rates of journey of the two men, and d the number of days taken in 
going northwards. This follows from the under mentioned equation whioh in 
based on the data given in the problem : 

b 2 x * * d* b* + (x + d) 2 x a 3 






Ml NlSfy- 
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An example in illustration thereof , 

211^-212The man who travels to the east moves at the 
rate of 2 yojanas (a day); and. the other man who travels north¬ 
wards moves at the rate of 3 yojanae (a day). This (latter man) 
having- thus moved on for 5 clays turns to move along the hypo¬ 
tenuse. In how many days will he meet the (other) man ? Both 
(of them) move out at the same time, and the number of days 
spent (by both of them) in journeying out is the same* 

The rule for arriving at the numerical value of the diameters 
of circles described about the eight kinds of figures consisting 
of the five kinds of quadrilateral figures and the three kinds of 
triangular figures (already mentioned) :— 

218 In the case of a quadrilateral figure, the value of the 
diagonal (thereof), divided by that of the perpendicular, and (then) 
multiplied by that of the lateral side, gives rise to the value of the 
diameter of the circumscribed circle. In the ease of a trilateral 
figure, the product of the values of the two sides (other than the 
base) divided by the value of the perpendicular (gives rise to the 
required diameter of the circumscribed circle). 

Examples in illustration thereof. 

21 47 }. In the case of an equilateral quadrilateral figure having 
8 as the measure of each of (its) sides, and also in the case of 
another (quadrilateral figure) of which the vertical side measures 5 
and the horizontal side measures 12, what is the measure (of the 
diameter) of the circumscribed circle? 


213}. Lot ABC be a triangle inscribed 
in a circle, AD the diameter thereof, and BE 
the perpendicular on AC. Joiu BD. Now 
the triangles ABD and BEC are pimilar. 


This is the formula given in the rule A 
for the diameter of a oircle circumscribed 
about a quadrilateral or a triangle. 
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215$. The two lateral sides are (each) 13 in measure ; the top¬ 
side is 4 ; and the base is said to be 14 in measure. In this ease, 
what may be the diameter of the circle described about (such) a 
quadrilateral figure with two equal sides ? 

216$. Tho top-side and the (two) lateral sides are each 25 in 
measure. The base is 39 in measure. Tell me (here) the measure 
of the diameter of the circle described about such a quadrilateral 
figure with three equal sides. 

217$. One of the lateral sides is 39 in measure; the other 
lateral side is 52 in measure ; the base is 60 and the top-side is 25. 
In relation to this (quadrilateral figure), what is the value of the 
diameter (of the circumscribed circle) ? 

218$. The measure of the side of an equilateral triangle is 6 ; 
and that of an isosceles triangle is 13, the base (in this case) being 
10 in measure. Give out what the values are of the diameters of 
the circles described about these triangles. 

219$. In the case of a triangle with unequal sides the two 
sides are 15 and 13 in measure; the base is 14. Tell me the 
value of the diameter of the circle described about it. 

220 j. If you know the paMcika (processes of calculation), tell 
me after thinking well what may be the value of the diameter of 
the eirclo described about a (regular) six-sided figure having 2 as 
tho measure of eaoh of (its) sides. 

The rule for arriving at the mmierioal values of the base, of 
the top-side and the (other) sides of the eight (different) kinds of 
figures beginning with the square, which are inscribed in a 
regular eiroular figure having a diameter of known numerical 
value: — 

221$. The value of the given diameter (of the circle) is divided 
by the value of the (hypothetically) arrived diameter of the 
circle (described about an optionally chosen figure belonging to 

220,]. The Kanarese commentary on this stanza works out this problem by 
pointing out thnt the diagonal of a regular hexagon is equal to the diameter of 
the circumscribed oircle. 

221$, The rule follows as a matter of course from the similarity of the 
required and the optionally chosen figures. 
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thespeoifled variety). The values of the sides (of this optionally 
chosen figure) should be multiplied by the resulting quotient 
(arrived at as mentioned above). Thus, the numerical values of 
the sides of the figure produced (in the given circle) are deduced. 

Examples in illustration thereof. 

222 The diameter of a circular figure is 13. 0 friend, 

think out well and tell me the (various measurements relating to 
the) eight different kinds of figures beginning with the square 
which are (inscribed) in this (circle). 

The rule for arriving at the value of the diameter of the 
circular figure inscribed within the various (kinds of quadrilateral 
and trilateral) figures mentioned before, with the exception of the 
longisli quadrilateral figure, when the accurate measure of the 
area and the numerical value of the perimeter are known in 
relation to (those same) quadrilateral and other figures :— 

2231. The (known) accurate measure of the area of any of the 
figures other than the longish quadrilateral figure should be 
divided by a quarter of the numerical value of the perimeter (of 
that figure). The result is pointed out to be the diameter of the 
circle inscribed within that figure. 

Examples in illustration thereof* 

224|. Having drawn the inscribed circle in relation to the 
already spoeified figures beginning with the square, 0 yon who 
know the secret of calculation, give out now (the value of the 
diameter of each such inscribed circle). 


223$. If a represents the sum of the sides, and d the diameter of the 
inscribed oircle, and A the area of the quadrilateral or the triangle in which the 
jircle is inscribed, then 

d a 
2 X 2 


r A. 


fence the formula given in the rule is d = A • 
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Within the (known) numerical measure of the diameter of a 
regular circle, any known number being taken as the measure of 
an arrow, the rule for arriving at the numerical value of the 
string (of the bow) having an arrow of that same measure:— 

225^. The difference between (the given value of) the diameter 
and (the known value of) the arrow is multiplied by four times 
the value of the arrow. Whatever is the square root (of the 
resulting product), that the wise man should point out to bo the 
(required) measure of the string (of the bow). 

An example in illustration thereof. 

226|. The diameter of the oirele is 10. It is out off by 2. 0 

mathematician, give out, after calculating well, what- may be the 
string (of the bow) in relation to (that) cut off portion (of the given 
diameter). 

The rule for arriving at the numerical"value of the arrow¬ 
line, when the numerical value of the diameter of a (given) 
regular circle and the value of a bow-string line (in relation to 
that circle) are (both) known :— 

227^. That which happens to be the square root of the 
difference between the squares of the (known) values of the 
diameter and the bow-string line (relating to the given circle)— 
that has to be subtracted from the value of the diameter. Half 
of the (resulting) remainder should be understood to give (the 
required value of) the arrow-line. 

An example in illustration thereof. 

228J. The diameter of the (given) circle is 10 in measure. 
Moreover, the bow-string line inside is known to be 8 in measure. 
Give out, 0 friend, what the value of the arrow-line may be in 
relation to that (bow-string). 


225J. The roles given in star.*as 225*, 227*, 229* and 231* are all based on 
the fact, that in a circle the rectangles contained by the segments of two 
intersecting chords are equal. 
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The rale for arriving at the numerical value of the diameter 
of a (given) eirole when the numerical values of the (related) 
bow-string line and the arrow line are known ;~ 

2291, The quantity representing the square of the value of 
the bow-string line is divided by the value of the arrow line as 
multiplied by four. Then the value of the arrow lino is added 
(to the resulting quotient) What is so obtained is pointed out 
to bo the measure of the breadth of the regular oirole measured 
through the centre. 

An exampte in illustration thereof. 

230 £. In the ease of a regular circular figure, it is known 
that the arrow line is 2 dandas in measure, and the bow-string 
line 8 dandas. What, may be the value of the diameter in respeot 
of this (circle) ? 

When two regular oircles out each other, there arisos a fish-* 
shaped figure. In relation to that fish-shaped figure, the line 
going from the mouth to the tail (thereof) should be drawn. 
With the aid of this line, there will come into existence the 
outlines of two bows applied to each other face to face. The 
line drawn from the month to the tail (of the fish-figure) happens 
to be itself the bow-string line in relation to both these bows. 
The two arrow lines in relation to both these bows are themselves 
to be understood as forming the two arrow lines connected with 
the mutually overlapping circles. And the rule here is to arrive 
at the values of the ari*ow lines oonnected with the overlapping 
portion when two regular circles cut each other :— 

231| . With the aid of the values of the two diameters (of 
the two cutting circles) as diminished by the value of (the 
greatest breadth of) the overlapped portion (of the circles), the 
operation of praksepuka should be carried out in relation to this 
(known) value of (the greatest breadth of) the overlapped portion 
(of the circles). The two results (so obtained) are in the matter 

28 H- The problem here contemplated may be seen to have been also 
solved by jLi) abh&t-a, and the role given by him coincides with the one under 
reference here. 
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of (such) circles pointed out to be the values, each of the other, 
measuring the two arrow lines related to the overlapping (circles). 

An example in illustration thereof. 

232 |. In relation to two oiroles whoso extent is measured by 
(diameters of) 32 and 80 hastas (in value), the (greatest breadth 
of the common) overlapping portion is 8 hastas. Give out what 
the values of the arrow lines, as related respectively to those two 
(oiroles), are (here). 

Thus ends the section treating of devilishly difficult problems. 

Thus ends the sixth subject of treatment, known as 
Calculations regarding Areas, in Sarasarigraha, a work 
on arithmetic by Mahavxracarya. 
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CHAPTER VIII. 

CALCULATIONS REGARDING EXCAVATIONS. 

1 . I bow ill religious devotion with my head (bent downwards) 
to Jin a Vardhamana, whose foot-stool is honoured by the crowns 
worn by all the chief gods, who is ornnisoient, ever-enduring, 
unthinkable, and. infinite in form, and is (further) like the young 
(rising) sun in relation to the lotus-lakes representing the good 
and worthy people that are his devotees. 

2. I shall now give out the (thine) varieties of karmdntika, 
aundraphala , and suhsmaphala (in relation to excavations), which 
varieties are all derived from those various kinds of geometrical 
figures, mentioned before, as results obtained by multiplying them 
by (quantities measuring) depth. This seventh subject of treat¬ 
ment is the subject of excavations. 

A stanza regarding the conventional assumption (implied in 
this chapter) :•— 

3. The quantity of earth required to fill an excavation mea¬ 
suring one cubic hast a is 3,200 pal as. From that (same cubic 
volume of excavation) 3,600 palas (of earth) may be taken out. 

The rule for arriving at the cubical contents of excavations :— 

4. Area multiplied by depth gives rise to the approximate 
measure of the cubical contents in a regular excavation. The 
sums of (all the various) top dimensions with the corresponding 
bottom dimensions are halved; and then (thesehalved quantities of 
the same denomination are all added, and their sum is) divided by 
the number of the said (halved quantities). Sueh> the process of 
arriving at the average equivalent value. 

2. The term Aw4ra in Aundrciphala is rather strange Sanskrit and is 
perhaps related to the Hindi word vftrrg meaning 2 3 4 deep.* 

3. The idea in this stanza evidently is that one cubio hastaot compressed earth 
weighs 3,(500 palas, while 3,200 palas of earth are sufficient to fill loosely the 

a pace of 1 cubic hasta. 

4. The latter half of this stanza ovidently gives the process by which we 
may arrive at the dimensions of a regular excavation fairly equivalent to any 
given irregular excavation. 
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Examples in illustration thereof\ 

5. In relation to (an equilateral) quadrilateral area (represent¬ 
ing the section of a regular excavation), the sides and the depth 
are 8 hastas (each in measure). In respect of this regular excava¬ 
tion-, what may he the value of the cubical contents here ? 

6. In relation to an (equilateral) triangular aim (representing 
the section of a regular excavation), the sides are 32 kastas each, 
and in the depth there are found 36 kastas and 6 angulas . ’What is 
the calculation (of the contents) here ? 

7. In relation to a (regular) circular area representing (the 
section of) a regular excavation, the diameter is 108 hastas , and the 
depth (of the excavation) is 165 hastas. (Now), give out what the 
cubical contents are. 

8. In relation to a longish quadrilateral area, (forming the 
section) of a regular excavation, the breadth is 25 hastas , the 
side (measuring the length) is 60 hastas and the depth (of the ex¬ 
cavation) is 108 hastas. Quickly give out (the cubical contents of 
this regular excavation). 

The rule for arriving at the accurate value of the cubical 
contents in the calculation relating to excavations, after knowing 
the result designated harmantika as well as the result designated 
aundra and with the aid of these results :— 

9-Ilf. The values of the base and the other sides of the figure 
representing the top sectional area are added respectively to the 
values of the base and the corresponding sides of the figure 
representing the bottom sectional area. The (several) sums (so 
arrived at) are divided by the number of the sectional areas taken 
into consideration (in the problem). The (resulting) quantities are 

9-11 The figures dealt with in this rule are truncated pyramids with 
rectangular or triangular bases, or truncated cones all of which have to be 
conceived as turned upside down. The rule deals with three different kinds 
of measures of the cubical contents of excavations. Of these, two, viz., the 
Karmfintika and Aurora measures give only the approximate values of the 
contents. The accurate measure is calculated with the help of these values. 

If K represents the Karmantika-phala and A represents the Auytfra-phala 

then the accurate measure Is said to be equal to -- + K, i.e., 1 K + $ A. 
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multiplied with each other (as required by the rules bearing upon 
the finding out of areas when the values of the sides are known). 
The area (so arrived at), when multiplied by the depth, gives rise 
to the cubical measure designated the karmantika result. In the 
ease of those same figures representing the top sectional area and 
the bottom sectional area, the value of the area of (each of) these 
figures is (separately) arrived at. The area values (so obtained) 
are added together and then divided by the number of (sectional) 
areas (taken into consideration). The quotient (so obtained) is 
multiplied by the value of the depth. This gives rise to (the 
cubical measure designated) the aundra result. If one-third of 
the difference between these two results is added to the karmantika 
result, it indeed becomes the accurate value (of the required cubical 
contents). 


'Examples in illustration thereof . 


12^-, There is a well whose (sectional) area happens to bo an 
equilateral quadrilateral. The value (of each of the sides) of the 
top (sectional area) is 20 ( hastas ), and that (of each of the sides) 
of tho bottom (sectional area) is only 16 ( hastas ). The depth is 9 
(hastas ). 0 you who know calculation, tell mo quickly what the 

cubical measure here is. 

131. There is a well whoso (sectional) area happens to be an 
equilateral triangular figure. The value (of each of the sides) of 
the top (sectional area) is 20 ( hastas ), and that (of each of the 
sides) of the bottom (sectional area) is 16 ; the depth is 9 {hastas). 
What is the value of the karmantika cubical measure, of the 

If a and b be the measures of a side of the top and bottom surfaces respectively of 
a truncated pyramid with a square base, it can be easily shown that tho accurate 
measure of tho cubical contents is equal to $ h (a 2 + b 3 +■ abl, where h is the 
height of the truncated pyramid. The formula given in the rule for tho accurate 
measure of the cubical contents may be verified to be the same as this with the 
help of tho following values for the Karmantika and Aundra resnlts given in the 
rale: — 


K= (jLiiL)’ x ft; 



Similar verifications may be arrived at in tho case of truncated pyramids 
having an equilateral triangle or a rectangle for the base, and also in the case 
of truncated cones. 
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aundra cubical measure, and of the accurate cubical measure 
here ? > x ■ 

14|. There is a well whose (sectional) area happens to be 
regularly circular. The (diameter of the) top. (sectional area) is 
20 dandm , and that of the bottom (sectional area) is only 16 
dandm. The depth is 12 dandm, What may ho the karmdntika, 
the arndra, and the accurate cubical measures here ? 

15£. In relation to (an excavation whose sectional area happens 
to be) a longish quadrilateral figure (he., oblong), the length at the 
top is 60 ( hastas ), the breadth is 12 (hastas) ; at the bottom, these 
are (respectively) half (of what they measure at the top). The 
depth is 8 (hastas). What is the cubical measure here ? 

16-|. (Here is another well of the same kind), the lengths (of 
whose sectional areas) at the top, at the middle, and at the bottom 
are (respectively) 90, 80, and 70 (hastas), and the breadths are 
(respectively) 32, 16, and 10 hastas. This iB 7 ( hastas ) in depth. 
(Find out the required cubical measure.) 

17£. In relation to (an excavation whose sectional area happens 
to bo) a regular circle, the diameter.at the mouth is 60 (hastas), in 
the middle 30 (hastas), and at the bottom 15 (hastas). The depth 
is 16 hastas. What is the calculated result giving its cubical 
measure ? 

18 Inflation to (an excavation whose seotional area happens 
to be) a triangle, each of the three sides measures 80 hastas at the 
top, 60 hastas in the middle, and 50 hastas at the bottom. The 
depth is 9 hastas. What is the calculated result giving its cubical 
contents ? 

The rule for arriving at the value of the cubical contents of a 
ditch, as also for arriving at the value of the cubical contents 
of an excavation having in the middle (of it) a tapering pro¬ 
jection (of solid earth) :— 

19-£~20£. The breadth (of the central mass) increased by the 
top-breadth of the surrounding ditch, and (then) multiplied by 


19$-20|. These stanzas deal with the measurement of the cubio contents of 
a ditch dug round a central mass of earth of any shape. The central 
mass may be in seotion a square, a reotangle, an equilateral triangle, or a circle j 
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three, gives rise to the value of the (required) perimeter in the 
case of triangular and circular excavations. In the case of a 
quadrilateral excavation, (this same value of the required peri¬ 
meter results) by multiplying the quantity four (with the value of 
the breadth as before). 

In the case of excavations having contra] masses tapering up¬ 
wards or downwards the operation (for Karmdntikaphala) is (to 
add the value of) half the breadth of the excavation to (that of 
the breadth of) the central mass, and (for Aundraphala), to add 
(the value of) the breadth (of the excavation to the value of the 
breadth of the central mass); then (the prooodure is) as (given) 
before. 

Examples in illustration thereof, 

21 -!-. The already mentioned trilateral, quadrilateral, and 
circular (areas) have ditches thrown round them. The breadth 
measures 80 damhs, and the ditches are as much as 4 {da/ndas) 
in breadth, and 3 ( dandas ) in depth. (Find out the cubical 
contents.) 


and the excavation may be of the same width both at tho bottom and the top, 
or may bo of diminishing or increasing width. The rule enables as to find out 
the total length of the difcoh in all these cases. 

I. When the width of the ditch is uniform, the length of ditch «= (d + b) x 
3 in the case of an equilateral triangular or circular ditch, where d is the 
measure of a side or of the diameter of the central mass and b is the width of 
the ditch: but this length = (d + b) x 4 in the case of a square excavation 
with a central mass, square in section. 

II. When the ditch is tapering to a point at thejbottom or the top, the length 

of tho difcoh for finding out the Karm&ntika-pha la. ~ j X 3, or 4- 

x 4, according as the central mass (1) is in section trilateral or circular, or (2) 
square. 

Length of. ditch for finding out Aundra-phala =s (<£ + 1>) x 3 and (d -f b) 
x 4 respectively. 

These expressions have to be multiplied by half of the width of the ditch and 
by its clopth for finding out the respective cubical phalas. The formulas given 
above in relation to triangular and circular excavations give only approximate 
results. With the aid of the total length of the ditoh so obtained, the cubioal 
contents are found out in the case of ditches with sloping sides by applying 
the rule given in stansas 9 to Hi above. 
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22 j : . TJbe length of a lotigish quadrilateral'is 120 (dandas) and 
the breadth is 40. The ditch around is as big as 4 dandas in breadth 
and 3 in depth. (Find out the cubical contents.) 

' The rule for arriving at the value of the cubical contents 
of an excavation, when the depth of the excavation varies (at 
various points), and also for arriving, when the cubical contents 
of an excavation are known, at the depth of digging necessary in 
the case of another (known) area (so that the cubical contents may 
be the same):— 

23|-. The sum of the depths (measured in different places) is 
divided by the number of places; this gives rise to the (average) 
depth; This multiplied by the top area (of the excavation) gives 
me to the (required) cubical contents of the excavation in the case 
where that area is trilateral, quadrilateral or circular. The cubical 
contents (of a given excavation), when divided by the (known) 
value of another area, gives rise to the depth (to which there should 
be digging, so that the resulting cubical contents may be the 
same). 

Examples in illustration thereof. 

24|“. In an equilateral quadrilateral field, thq ground covered by 
which has an extent measured by 4 hastas (in length and breadth), 
the excavations are (in depth) 1, 2,3, and 4 hastas (iu four different 
eases). What is the measure of the average depth (of the 
excavations) ? 

25 There is a well with an equilateral quadrilateral section, 
the sides whereof are 18 hastas in measure; its depth is A hastas. 
With the water of this (well), another well measuring 9 hastas at 
each of the sides, (of the seotion) is filled. What is the depth 
(of this other well) ? 

When the measures of the sides of the top (sectional area) and 
also of the bottom (sectional area) are known, and when the 


22b For finding out the total length of the surrounding ditch when fcbo 
central mass of earth is rectangular in section, the measures of the sides as 
increased by the width or half the width of the ditch are added together, 
according as t he Kai mdnUka or the Awidra result is required. 
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measure of the depth also is known, in relation to a certain given 
excavation, the rnla for arriving at the value of the sides (of 
the resulting bottom section) at any optionally given depth, 
and also for arriving at the (resulting) depth (of the excavation) 
if the bottom is reduced to a mere point:— 

26^; The product resulting from multiplying the (given) depth 
with (the given measure of a side at the) top, when divided by 
the difference between the measures of the top side and the bottom 
side gives rise here to the (required) depth (when the bottom is) 
made to end in a point. The depth measured (from the pointed 
bottom) upwards (to the position required) multiplied by (the 
measure of the side at) the top and (then) divided by the sum of 
the side measure, if any, at the pointed bottom and the (total) 
depth (from the top to the pointed bottom), gives rise to the side 
measure (of the excavation at the required depth). 

An example in illustration thereof. 

27£. There is a well with an equilateral quadrilateral section. 
The (side) measure at the top is 20 and at the bottom 14. The 
depth given in the beginning is 9. (This depth has to be) further 
(earned) down by 3. What will be the side value (of the bottom 
here) ? What is the measure of the depth, (if the bottom is) made 
to end in a point ? 


20|. The problems contemplated in this stanza are (a) to find out the full 
latitude of an inverted pyramid or cone and (6) to find out the dimensions 
of the cross section thereof at a desired level, when the altitude and the 
dimensions of the top and bottom surfaces of a truncated pyramid or cone 
are given. Jf, in a truncated pyramid with square base, a is the measure of a 
side of the base and b that of a side of the top surface and h the height, then 
acooi ding to the rule given here, K taken as the height of the whole pyramid 
a xh 

a — b * an( ^ the treasure of a side of the cross seotiitt of the pyramid at any 

given height represented by h ^ . 

H 

These formulas are applicable in the case of a cone as well. In the rule the 
measure of the side of section forming the pointed ^ai t of the pyramid is required 
to be added to H, the denominator in the second formula, for the reason that in 
some cases the pyramid may not actually end in a point. Where, however , it 
does end in a point, the value of this side has to be zero as a matter of course. 
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The rule for arriving at the value of the cubical contents of a 
spherically bounded space 

28 The half of the cube of half the diameter,, multiplied 
by nine , gives the approximate value of the cubical contents of a 
sphere. This (approximate value), multiplied by nine and divided 
by ten on neglecting the remainder, gives rise to the accurate 
value of the cubical measure. 

An example in illustration thereof . 

29|. In the case of a sphere measuring 16 in diameter, calcu¬ 
late and tell me what the approximate value of (its) cubical mea¬ 
sure is, and also the accurate measure (thereof), 

The rule for arriving at the approximate valneias well as the 
accurate value of the cubical contents of an excavation in the 
form of a triangular pyramid, (the height whereof is taken to be 
equal to the length of one of the ’sides of the equilateral triangle 
forming the base) :— 

30|-. The cube of half the square of the side (of the basal 
equilateral triangle) is multiplied by ten ; and the square root (of 
the resulting product is) divided by nine . This gives rise to the 
approximately calculated value (required). (This approximate) 
value, when multiplied by three and divided by the square root of 


and (2) accurately™ /fLj 


*2/ X 

() p 

X y ( y The correct formula for the cubi¬ 
cal contents of a sphere is Jt x r 3 ; and this becomes comparable with the 
3 

above value, if x is taken to be y W. Both the MS8. read iT'dWr^i 
making it appear that the accurate value is y? of the approximate 

value ; but the text adopted is which makes the accurate value 

9 

of the approximate one. It is easy to see that this gives a more accurate 

result in regard to the measure of the cubical contents of a sphere than the other 
reading. 

30fc. Algebraically represented the approximate value of the cubical 

contents of a triangular pyramid according to the rule comes to ^ x yf>, 

18 

{L ' x V ?? i and the accurate value becomes equal to --- x ^ 2 ; where 
12 9 


34 
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ten , gives rise to the accurately calculated cubical contents of the 
pyramidal excavation. 

An example in illustration thereof. 

3T|. Calculate and say what the approximate value and the 
accurate value of the oubical measure of a triangular pyramid are, 
the side of the (basal) triangle whereof is ft in length. 

When the pipes leading into a well are (all) open, the rule 
for arriving at the value of the time taken to fill the well with 
water, when any number of optionally chosen pipes are together 
(allowed to fill the well). 

32 33. (The number one representing) each of the pipes is 
divided by the time corresponding to each of them (separately) ; 
and (the resulting quotients represented as fractions) are reduced 
so as to have a common denominator ; one divided by the sum of 
these (fractions with the common denominator) gives the fraction 
of the day ( within whioh the well would become filled) by all the 
pipes (pouring in their water) together. Those (fractions with the 
common denominator) multiplied by this resulting fraction of the 
day give rise to the measures of the flow of water (separately 
through each of the various pipes) into that well. 

An example in illustration thereof. 

3 1 . There are 4 pipes (leading into a well). Among them, 
each fills the well (in order) in fa fa fa \ of a day. In how 
much of a day will all of them (together fill the well, and each of 
them to what extent) P 

In the Fourth Subject of Treatment named Rule of Three, an 
example (like this) has (already) been given merely as a hint; the 


a gives the measure of the altitude of the pyramid as also of a side of the basal 
equilateral triangle. 

It may be easily seen that both these value* are somewhat wide of the mark, 
and that the given approximate value is nearer the correct value than the 
so-called accurate value. 




UWIST^ 
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subject (of that example) is expanded here and is given out in 
detail. * 

35-36. There is at the foot of a hill' a well of an equilaterally 
quadrilateral section measuring 9 kasfas in each of the (three) -, 
dimensions. From the top of the’hill there - runs a water chan¬ 
nel, the section whereof is (uniformly) an equilateral quadri¬ 
lateral having 1 cingula for the measure of a side. (As soon as the 
water flowing through that channel begins to Jail into the well), 
the stream is broken off at the top; and (yet), with it (that well) 
becomes filled in with water. Tell me the height of the hill and 
also the measure of the water in the well. 

37~88|. There is at the foot of a hill a well of an equilaterally 
quadrilateral section measuring 9 hmtas in each of the (three) 
dimensions. From the top of the hill, there runs a water channel, 
(the section whereof is throughout) a circle of 1 angula in diameter. 
As soon as the water (flowing through the channel) begins to fall 
into the well, the stream is broken off at the top. With the 
water filling the whole of the channel, that well becomes 
filled. 0 friend, calculate and tell me the height of the mountain 

and also the measure of the water, ,\ . > \ \ 

39|-40^. There is hi the \foot of > hill nr well of an 
equilaterally quadrilateral section measuring 9 hastas in (eaoh of 
the) three dimensions. From the top of the hill there runs a water 
channel, (the section whereof is throughout) triangular, each side 
measuring 1 angula. As soon as the water (flowing through 
that channel) begins to fall into the well, the stream is broken off 
at the top. With the water (filling the whole of the channel) that 
(well) becomes filled. 0 friend, calculate and tell (me) the height 
of the mountain and the measure of the water. 


35 fco 42 J. The reference beTe is to the example given in stanzas 15 16 ©f 
chapter V~~t ide also the footnote thereunder. . /Tr , 

The volume of the water iB probably intended to be expressed in Vffhas. (Vide 
the table relating to this kind of volume measure in stanzas 36 to 38, chapter 
I) It is stated in the Kanarese commentary that 1 cubic angula, of water is equal 
to 1 ham- Then according to the table given in stanza 41 of chapter I, 4 
Ursasm^onepala* according to stanza 44 in the same chapter, 12* 
make one prastba ; and stanzaB 36 to 37 therein give the relation of the praitho 
to the vdha> 
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41|—12). There is at the foot of a hill a well of an equilaterally 
quadrilateral section measuring 9 hastas in (each of the) three 
dimensions. (From the top of the hill) there runs a water channel, 
(the section whereof is uniformly) 1 ahgula broad at the bottom, 1 
a?2^w?a at(each of) the dug (side slopes), and 2 anguias in length 
(at the top). As soon as the water (flowing through that ohatmel) 
begins to fall into the well, the stream is broken off at the top. 
With the water (filling the whole of the channel) that well be¬ 
comes filled. What is the height of the hill and (what) the 
measure of the water F 

Thus ends the section on accurate measurements in the cal¬ 
culations relating to excavations. 


Calculations Relating to Piles (of Bricks). 

Hereafter, in (this) chapter treating of operations relating to 
excavations, we will expound calculations relating to (brick) 
piles. Here there is this convention (regarding the unit brick). 

43£. The (unit) brick is 1 hasta in length, half of that in 
breadth, and 4 anguJm in thickness. With such (bricks ail) 
operations are to be oarried out. 

The rule for arriving at the oubical contents of a given 
excavation in a field and also at the number of bricks corresponding 
to the above cubical contents. 

44-j. The area at the mouth (of the excavation) is multiplied 
by the depth; this (resulting product) is divided by the cubic 
measure of the (unit) brick. The quotient so obtained is to be 
understood as the (cubical) measure of a (brick) pile; that same 
(quotient) also happens to be the measure of the number of the 
bricks. 

Examples in illustration thereof. 

45 J. There is a raised platform equilaterally quadrilateral (in 
section) having a side measure of 8 hasias and a height of 9 

44). The cubical measure of the briok pile here is evidently in terms of the 
unit brick. 
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hastas. That (platform) is built up of bricks. 0 you who know 
calculation, say how many bricks there are (in it). 

46J. A raised platform, equilaterally triangular (in section), 
having 8 hastas (as its side measure), and 9 hastas as height, has 
been constructed with the aforesaid bricks. Calculate and say how 
many bricks there are in this (structure) . 

A raised platform, circular in section, having a diameter 
of 8 hastas and a height of 9 hastas is built up^with (the same 
aforesaid) brioks. 0 yon who know calculation, say how many 
bricks there arc in it. 

48|. In the case of (a raised platform having) an oblong 
(section), the length is 60 hastas , the breadth 25 hastas, and the 
height is 6 hasias. Give out in this case the measure of that brick 
pile. 

494. A boundary wall is 7 hastas in thickness, 24 hastas in 
length and 20 hastas in height. How many are the bricks used in 
building it P 

50#. The thickness of a boundary wall is 6 hastas at the top and 
8 hastas at the bottom; its length is 24 hastas and height 20 hastas . 
How many are the bricks used in building it P 

51#. (Inthe case of a raised sloping platform), the heights 
lire (respectively) 12, 16 and 20 hastas (at three different points) ; 


In finding out the cubical cq^tont* of the wall, the average breadth 
2 calculated accor- 

ding- to the rale, 
given in thelat- 

1 ter half of stama 

' ^ 4 above, is used; 

' so the Karyndn* 

1 tifat value is 

\ ' t& ^ en into con- 

\ Y \ »ideration here. 

\ ; \ 51#. This 

\ | 16 7 \ sloping platform 

^ 1 \ 18 b otm ded its 

\ 1 \ two ends by two 

j • \ vertioal planes, 

I 1 _\ the top and the 

y .- - - ~ ^ide surfaces 

r *Z 1 6 /7 alone I, being 

-- * .—■ —k-- - ■ — , sloping. The top 

24 forms an inclined 
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the measures of the breadth at the bottom are (respectively) 

7, 6 and 5, (the same) at the top being 4, 3 and 2 hastas ; the 
length is 24 hast as. (Find out the number of bricks in the 
pile). 

The rule for arriving, in relation to a given raised platform 
(part of) which has fallen down, at the number of bricks found 
(intact) m the unfallen (part) and also at the number of bricks 
found in the fallen (part):— 

52J. The difference between the top (breadth) and the bottom 
(breadth) is multiplied by the height of the fallen (portion) and 
divided by the whole height. (To the resulting quotient) the 
value of the top (breadth) is added. This gives rise to the 
measure of the basal breadth in relation to the upper (fallen 
portion) as well as to the top breadth in relation to the lower 
(intact portion). The remaining operation has been already 
described. 

An example in illustration thereof. 

53|, (In relation to a raised platform), the length is 12 hastas 
the breadth at the bottom is 5 hastas, (the breadth) at the top is 
1 hasta , and the height all through is 10 hastas. (A measure of) 

5 hastas (in height) of that (platform) gets broken down and falls. 
How many are those (unit) bricks there (in the broken and the 
unbroken parts of the platform) ? 

When a (high) fort-wall is broken down obliquely, the rale for 
arriving at the number of bricks whioh remain intact and of the 
bricks that have fallen down:— 


plane, the breadth of whioh is 2 hastas at the raised end and 4 hastas at the other 
end. Vide diagram in tho margin of page 269. 

52j. The measure of the top*breadth of the standing par of the platform - 
which is the same as the bottom-breadth of the fallen part of the platform—is 

algebraically + 6; where a is the bottom-breadth, 6 is the top- 

breadth, h the total height and d the height of the fallen part of the raised, 
platform. 'IhiBformnla can be easily shown to be correct by applying the 
properties of similar triangles. 

The operation referred to in the role as having been already described is what 
is given in stansa 4 above. 








54 The bottom (breadth) and the top (breadth) are (each) 
doubled. To these are added (respectively) the top (breadth) and 
the bottom (breadth). The (resulting) quantities are (respectively) 
increased and decreased by the height (above the ground) of the 
unbroken (part of the wall); and (then the quantities so obtained) 
are multiplied by the length and also by the sixth part of the 
(total) height. (Thus) the number of bricks intact and the 
number of bricks fallen off may be obtained in order. 

Examples in illustration thereof. 

55|. This high fort-wall (of measurements already given, 
struck by a cyclonic wind) has been (obliquely) from the bottom, 
broken down along the diagonal section. In relation thereto, 
how many are the bricks intact and the bricks fallen down ? 

56£. The same high fort-wall has been broken down by the 
cyclone obliquely after leaving over l hasta from the bottom. 
How many are the bricks that remain intact and how many the 
bricks that have fallen down ? 

The rule for arriving at the growing number of layers (of 
brieks) in relation to the central height of a fort-wall, and 
(also) for arriving at the (rate ot the) diminution of layers 


64J. If a be th© breadth, at the bottom, b the breadth at the top, h the total 



The figure in the margin shows the wall mentioned in stanza 56£ j and ABCD 
ndioate the plane along which the wall fractured when it broke. 
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(happening to be the diminution in breadth) on both the sides 
* (of the wall in passing from below upwards):— 

\ 57}. The height (of the central section) divided v|)j the height 

of,the given brick gives rise to the (required) measure of the 
kyWs (of bricks). This (number) is diminished by one and (then \ 
divided by the difference between the top (breadth) and the 
bottom (breadth). The resulting quotient give:* (in itself) the 
Value of the (rate of the) diminution (in breadth) measured* in 
terms of the layers. 

Examples in illustration thereof. 

58;}. The breadth of a high fort-wall is 7 hastas at the bottom 
Its height is 20 kastas. It is built so as to have 1 hasta 
its breadth) at the top. With the aid of brioks of 1 hasta in 
height, (find out) the (measure of the) growth of the (central) 
layers and o.f the (rate of) diminution (in the breadth). 

59f~60. In" a regularly circular well, 4 hc^tds iif diameter, a 
wall of 1}- has las in thickness is built all round by means of (the 
already mentioned typical) bricks. The . depth of that (well) is 3 
hastas. If you know, calculate and tell rhe, ,0 friend, how many 
are the bricks used in the building. 

In relation to a structure built of bricks (around a plaqe), the 
rule for arriving at the value of the cubical contents (of that 
structure), when the breadth at the bottom (of the structure) is 
given and also the breadth at the top:— 

61. Twice the (average) thickness of the structure has added to 
it the given length and the breadth (of the place). The sum (so 
obtained) is doubled, and the result is the (total) length (of the 
structure when it is) in (the form of) an oblong. This (resulting 
quantity), multiplied by the (given) height and the (already men¬ 
tioned average) thickness, gives rise to the (required) cubical 
measure). 

■. ,1 i* , * - - ; — -- —| -- 

The bricks contemplated here is the unit brick mentioned in stanza 
45! ab^vo This problem does not illustrate the rule given above in stanza 57|, 
but it has to be worked according to the rales given in stanzas I9J-20! and 44$ 
of this chapter. 
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An example in illmtration thereof 

62. In relation to the (place known) as vtdyddhara-naghara , the 
breadth is 8, and the length is 12. The thickness of the sur¬ 
rounding wall is 5 at the bottom and l at the top. Its height 
is 10. (What is the cubic measure of this wall P) 

Thus ends (the section on) the measurement of (brick) piles in 
the operations relating to excavations. 

Hereafter, we shall expound the operations relating to the 
work done with saws (in sawing wood). The definitions of terms 
in relation thereto are as follow :— 

63. Two ha&tas less by six angular is what is called a kisku. 

The number measuring the courses of cutting from the beginning 
to the end of a given (log of wood) has the name of mdrga (or 
way). 

64-66. Then, in relation to collections (of logs) of wood of not 
less than two varieties, consisting of teak logs and other such logs 
hereafter to be mentioned, the number of ahgalas measuring the 
breadth, and those measuring the length, and the number of 
mdrga* are (all three) multiplied together. The resulting product 
is divided by the square of the number of ahguh* found in a 
hanta* In operations relating to saw-work, this gives rise to a 
valuation (of the work as measured) in (what is known as) 
pattikds . In relation to logs (of wood) consisting of teak logs and 
other such logs, the number of hastas measuring the breadth and 
of those measuring the length are multiplied with each other, 
and (then) multiplied by the number of margas, and (thereafter) 
divided by the pattikaz as abovo determined ; this gives rise to 
the numerical measure of the work done by means of the saw. 


63 to 67b If hasta. Mdrga is the name given to any desired 

course or line of sawing in a log of wood. The extent of the out surface in a 
log of wood measures ordinarily the work done in sawing it provided that the 
wood is of a definite hardness assumed to be of anit valoe. This extent of the 
cut surface is measured by means of a special unit area which is called a 
paftikd and is 96 angulas in length and one kisku or 42 angulas in breadth. It it 
easy to cee that a paffikd is thus equal to seven square hasta*. 
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67-67£. In relation to (logs of wood obtained from) trees named 
saka-i (irjuna;amla-vetasa, samlet, mita, sarja and dunduha, and also 
(itffelatioipto varieties of wood) named mparnj and plaksa, the 
m$rga is 1 in eaoh case, the length is 96 ahgulm, and the breadth 
is 1 kisku (for arriving at the measure of a patfikd ). 

'v \ , v ;;; 

An example in illuetriation thereof. 

68| . In relation to a log of teak wood, the length is 16 hadas, 
the breadth is haslas and the mar gas (or saw-courses) are 8 
in number. How many are (the unite of saw-work) done here P 

Thus ends tbe section on saw-work in the (chapter on) 
operations relating to excavations. 

Thus ends the seventh subject of treatment known 
as Operations relating to Excavations in Sarasahgraha, 
which is a work on arithmetic by Mahaviracarya. 
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CHAPTER IX 


CALCULATIONS RELATING TO SHADOWS. 

1. That Jina, S&nti, who bestows peace upon people, is the 
lord of the world, knows all beings, and is lever) growing in 
influence through his eight miraculous powers—to him, who^bas 
vanquished the hosts of his enemies, I bow in salutation. 

In the beginning, we shall give out the means of determining 
the eight directions commencing with the east. 

2. On an even ground-surface which is (a horizontal plane) like 
the upper surface of water, a (perfectly) round circle should be 
drawn with the aid of a looped string having twice the length 
of an optionally chosen style (fixed in the centre). 

3. The shadow of that optionally chosen style fixed in the 
centre of that circle touches the (circumferential) line of that circle 
at the beginning of the day as also at the time forming the close 
of the day. By this, the western direction and the eastern direc¬ 
tion are pointed out in order. 

4. By means of the string running in the line of these two 
(ascertained) directions, a fish-shaped figure (or lune) should be 


4. The string with the aid of 
which tho Hah -shaped figure is drawn 
should be longer than the radius of 
the circle drawn according to stanza 
2 above. If OK and OW in the 
annexed diagram represent the 
eastern and the western directions, 
NP8R will be th$ lune drawn by 
describing two circles with centres 
respectively at E and W and with 
KR and WP as equal radii. The 
line NS cutting the angles of the ltme 
marks the northern and the southern 
directions. 







276 


OANITASABASATORAttA. 


drawn which will extend from north to south. The straight line 
fanning through the middle of the angles of this (fisb-shaped 
figure) represents of itself the northern and the southern direc¬ 
tions. The intermediate directions have to be ascertained as boing 
derivable from half (interspace between these) directions. 

4£. The (measure of the) equinoctial shadow is indeed half of 
the sum of the measures of tbo shadows obtained at the middle of 
the day-time (or noon) on days when the sun enters the sign, of 
Aries as also the sign of Libra. 

5^. In Lanka, Yavakoti, Siddhapuri, and Bomakapurl, there 
is no (such) equinoctial shadow at all; and, therefore, the day-time 
is of 30 ghaifa . 

6^, In other regions, the day-time happens to be longer or 
shorter by 30 ghalM* On the days of the entrance (of the sun) into 
Aries and into Libra, the day-time is everywhere of 30 ghafis (in 
duration). 

7*^. Having understood the measure of the duration of the day¬ 
time and also of the shadow at (noon or) the middle of the day 
according to the way described in astronomy, one should learn 
herein the calculations regarding shadows by means of the collec¬ 
tion of rules hereafter to be given. 

The rule for arriving at the time of day, on knowing the 
measure of the shadow of a given style at a given time (in the 
forenoon or afternoon) in relation to a place where there is no 
equinoctial shadow :— # 

8%. One is added to the measure of the shadow (expressed in 
terms of the height of an object), and (the sum so resulting) 

8j. If a be the height of the object and s the length of its shadow, 
ihen the time of the day that has elapsed or has to elapse is, according to the 

rule given here, equal to--L.-where A is the angle repre¬ 

ss + i 2(mt ' A +1) 

seating the altitude of the sun at the time. It may be seen that this formula 
gives only the approximate value of the time of the day in all cases except 
when the altitude is 45°, and that the approximation is very rough only in the 
case of large altitudes, nearing 90°, The formula seems to be based on the fact 
that for small values the angle® in a right-angled triangle are approximately 
proportional to the opposite sides. 
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is doubled; with the (resulting) quantity the measure of the 
(whole) day-time is divided. It should be made out that this 
gives rise, according to the mathematical work (known as) Sara- 
sahgraka, to the portion of the day elapsed in the forenoon and 
also to the portion of the day remaining in the afternoon. 

ofi • v :■ ,. 

9|. The (length of the) shadow of a mta is 3 times (his 
height). Say, dear friend, what portion of the day has gone in the 
forenoon, or what portion of the day remains in the afternoon. 

The rule for arriving at the (corresponding number of) ghatyx, 
when the portion of the day (elapsed or to elapse) has been arrived 
at (already). 

10|. The (known) measure of (the duration of) the day multi¬ 
plied by the numerator and divided by the denominator of the 
fraction representing the (already arrived at) portion of the day 
(elapsed or to elapse) gives rise to the g ha tlx elapsed in relation 
to the forenoon, and to the ghafh to elapse in relation to the 
afternoon. 

An example in illustration thereof. 

11J, In a region without the cquinootioai shadow, $ part of 
the day has elapsed; (or in relation to the afternoon), the 
remaining portion (of the day which has to elapse) is also *|. What 
are the gkatls (corresponding to this l portion)? There are, (it 
may be taken), 30 yhatis in a day. 

The rule for arriving at the time taken up by a prize-fight 
between gymnasts. 

12J. The day diminished by the sum of the portion of the day 
elapsed and of the portion (thereof) remaining to elapse, when 
brought into the form of time (measured by ghath ), gives rise to 
the (required duration of) time. 

The measure of the shadow of a pillar divided by the measure 
of (the height of) the pillar gives rise to the measure of the 
shadow of a man (in toms of his own height). 
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An example in illustration thereof. 

13|. A prize-fight between gymnasts began in the forenoon, 
when the shadow was equal in measure to the style/ v (Its) 
conclusion took place in the afternoon, when (the measure of the 
shadow was) twice (that of the style). What is the duration of 
the fight P 

An example in illustration (of the rule) in the latter half 
{of the stanza). 

14£. The shadow of a pillar, 12 koalas (in height), is 24 hastas 
in measure. At that time, O arithmetician, of what measure will 
the human shadow be ? 

The rule for arriving, at the period (of the day elapsed or to 
elapse), in placeshaving the equinoctial shadow, when the measure 
of the shadow at any time is known 

154. To the measure of the known shadow (of the style) 
the measure of the style is added ; (this sum is) diminished 
by the measure of the equinoctial shadow, and (the resulting 
x difference is) doubled/ The measure of the style divided by the 
quantity (so arrived at) gives rise to the value of the portion of the 
day (elapsed) in the forenoon, or (to elapse) in the afternoon, (as 
the case may be). 

An example in illustration thereof, 

16^-17. In the case of a style of 12 arigulas> the (equinoctial) 
noon-shadow is 2 ahgidas , and the known shadow (at the time of 
observation) is 8 ahgulas. What portion of the day is gone, or 
what portion (yet) remains? If the portion of the day (elapsed 
or to x elapse) happens to be what are the ghatis (corresponding 
to it), the duration of the day being 30 ghatis ? 


Algebraically the formula, given here for the measure of the time of the 


day is • 


where e is the length of the equinoctial shadow of the 


2 (a + cl ~~~ e) 

style. The formula is obvionsiy based on the formula given in the note to the 
rule in stansa above. 
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The rule for arriving at the measure of the shadow correspond¬ 
ing to a time (of day) given in ghatis . 

18, The measure of the style is divided by twice the measure 
of the (given) portion of the day ; (from the resulting quotient) 
the measure of the style is subtracted , and (to it) the (equinoctial) 
noon-shadow is added. This gives rise to the measure of the 
shadow at the required time of day. 

An example in illustration thereof % 

19. If, in the case of a style of 12 ahgulas y the (equinoctial) 
shadow is 2 anguine , what is the measure of the shodow (of the 
style) at a time when i 0 ghatis have elapsed or have to elapse, 
the duration of the day-time being 80 ghatis ? 

The definition of the measure of a man's foot in relation to 
measurements carried out by means of the foot-measure as involved 
in the shadow, 

20. One seventh of the height of a person happens to be the 
length of that person’s foot. If this be so, that person shall bo 
fortunate, (Thus) the measure of the shadow in terms of the foot- 
measure is obvious. 

The rule for arriving at the numerical measure of the shadow 
which has ascended up (a perpendicular wall). 

21, (The height of) the style is multiplied by the measure of the 
human shadow (in terms of the man’s height). The (resulting) 


18. Algebraically 


a 

*2y 


~~ a + e, where g is the mcasuro of the time of 

the day in ghufifi. This formula may be seen to follow from that given in the 
note to stansa above. 

21. Algebraically, ^ where a is the altitudo of the shadow¬ 

casting style, h the height 
of the shadow on the wall, b 
the measure of t he ho man 
shadow in terms of the man’s 
height, and a the distance be¬ 
tween the pillar and the wall. 
The diagram here given eluci¬ 
dates the rule. It has to be 
noted here that the distance 
between the pillarand the wall 
has to he measured along the 

line of the shadow which is cast in sunlight. 









MfyS/j? 



product is diminished by the measure of the interval between the 
wall and the style. The difference (so obtained) is divided by the 
very measure of the human shadow (referred to above). The 
quotient so obtained happens to be the measure of (that portion 
of) the style's shadow which is on the wall. 

An example in illustration thereof* 

22. A pillar is 20 hastas (in height); die interval between 
(this) pillar and the wall (on which its shadow falls) is 8 hastas . 
The human shadow (at the time) is twice (the man's height). 
What-is the measure of (that portion of) the pillar-shadow which 
is on the wall ? 

The rule for arriving at the numerical value of the measure¬ 
ment of the interspace between a wall and a pillar, when the 
height of the pillar and'the numerical value of (that portion of) 
the shadow thereof which has fallen upon the wail are (both) 
known. 

23. The difference between the height of a pillar and that 
(of its shadow) cast on (a wall), multiplied by the measure of the 
human shadow (in terms of the man’s height), gives rise to the 
measure of the interspace between that (pillar) and that (wail). 
This value of the interspace divided by the difference between the 
height of the pillar and that of (the portion of) the shadow thereof 
cast on (the wall)) gives rise to the measure of the human 
shadow (in terms of the man’s height). 

in example- in illustration thereof . 

24. A pillar is 20 hastas (in height); and the (portion of its) 
shadow on a wall is Id ( hastas in height). The haman shadow (at 
the time) is twice (the human height). What may be the measure 
of the interspace between the pillar and the wall ? 


23. This rule and the one m stanza 26 following give the converse oases of 
the rule in stanza 21 above. 



■p ^ . .,. 
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An example in illustration of the (rule in the) latter half 
{of the stanza). 

25. A pillar is 20 hastas (in height) and the (portion of its) sha¬ 
dow on a wall is 16 {hastas in height). The measure of the inter¬ 
space between the wall and the pillar is 8 [hastas). VY hat is the 
measure of the human shadow (in terms of the man’s height) P 

The rule for arriving at the numerical value of the height of 
a pillar, when the numerical measure of the (portion of its; shadow 
east on (a wall and the measure of the interspace between (that) 
pillar and (thftt) wall, and also the human shadow (in terms of 
the human height) are known. 

26. The measure of the (pillar-shadow) cast on (the wall) is 
multiplied by the measure of the human shadow (in terms of the 
human height); and to this product the measure of the interspace 
between the pillar and the wall is added The quotient obtained 
by' dividing (the sum so resulting) by the measure of the human 
shadow (in terms of the human height) is made out by the wise 
to be the measure (of the height) relating to the pillar. 

An exam fie in illustration thereof. B 

27. The measure of (the height of the portion of) tbo pillar- 
shadow oast on the wall is 10 (hastas). The value of the human 
shadow (at the time) is only twice (the human height), The 
measure of the interspace between the wall and tbo pillar being 8 
(hastas), what is the height of the pillar ? 

The rule for separating the measure (of the height) of the 
style and the measure of (the length of) the shadow of the style 
from (their given) combined sum :— 

28. The combined sum of the measure of the style and the 
measure of the shadow (thereof), when divided by the measure of 
the human shadow (in terms of the human height) as increased 
by one, gives rise to the measure of the height of the style. The 
measure of the shadow of tho style is of coarse the (given) 
combined sum diminished by this (measure of the stylo). 

26. Vide note under stansa 23 abovo. . ,, 

28 and 30. The rales here gi\en are based on the rale stated m the latter half 

of the stanza above. 
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An example in illustration thereof. 

29. The combined sum of the (height) measure of the style 
and the (length) measure of its shadow is 50. What may be the 
height of the style, the human shadow being (at the time) 4 times 
(the human height) ? 

The rule for separating the (length) measure of the shadow 
of the style and the measure of the human shadow (in terms of 
the human height) from (their) combined sum ;— 

30. The combined sum of the measures of the shadows of a 
style and of a man is divided by the (known height) measure of 
the style as increased by one. The quotient (so obtained) is the 
measure of the human shadow (in terms of the human height). 
The combined sum (above-mentioned) as diminished by this 
(measure of the human shadow) gives rise to (the length-measure 
of) the shadow of tho style. 

An example in illustration thereof. 

31. The height of a style is 10. The sum of the human 
shadow (in terms of the human height) and (the length of) the 
shadow of the style is 55. How much is the measure of the 
human shadow (in terms of the human height and how much is 
the length of the shadow of the style) ? 

The rule for arriving at the measure of the inclination of a 
pillar (or vertical style) 

32-33. The product of the square of the human shadow and 

e is to be subtracted from the 


the square (of the height) of the styb 


32-33. Let A.B represent the position of a Wanting pillar, and AC its shadow 
and let AD beth&same pillar in the vertical D. « 

AE \. u 

position and AE its shadow. Then ~ 0 yk 

is equal to the ratio of the shadow of a N. 

man to his height at tho time j and let this f X 'v 

ratio be r. BG, the per pend ioular from / \. 

B on Al), represents the amount of / \ 

slanting’ of the pillar, AB. It can be easily J \ 

, A * VaB* -BG* _ AD _ 1 / \ \ 

shown that v - - — 7 - K -—-A—-X 

AC - BG A r A F E c 

From + his it can be seen that 


The rale here gives thin 


same formula. 
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square of the (given) shadow. This (remainder) is to be multi¬ 
plied by the sum of the square of the human shadow, and one. 
(The quantity so arrived at) is to be subtracted from the‘square 
of the (given) shadow. The square root of this (resulting remain¬ 
der) is to be subtracted from the (given) measure of the shadow; 
and, when (the quantity thus obtained is) divided by (the sum of) 
one and the square of the human shadow,' there results exactly 
the measure of the inclination of the pillar. 

An example in illustration thereof . 

34. The human shadow (at the time) is twice (the human 
height). The shadow of a pillar, 13 hastas in height, is 29 (hastas)* 
What is the measure of the slanting of the pillar here? 

(general Examples)* '• ' 

35-8 ?£. A certain prince, staying in the interior of a palace, 
was, (at a certain moment) in the course of a forenoon, desirous of 
knowing the time elapsed in the course of the day, as also the 
measure of the human shadow (in terms of the human height). 
Then, the light of the sun coming through a window at a height of 
32 hastas in the middle of the eastern wall fell at a place on the 
westerns wall a,fc the height of 29 hastas. The distance between 
those two walls is 24 hastas. O mathematician, if you have taken 
pains (to acquaint yourself) with shadow-problems, calculate and 
give out the measure of the time elapsed then, on that day, and 
also the measure of the human shadow (at that lime in terms of 
the human height). 

38|-39|. At the time when, in the course of a forenoon, the 
human shadow is twice the human height, what, in relation to a 
(vertical excavation of) square (section) measuring \ 0 hastas in each 
dimension, will be the height of the shadow on the western 
wall caused by v the eastern wall (thereof) ? 0 mathematician, 

give out, if you know* how you may arrive at the value of the 
shadow that has ascended up (a perpendicular wall). 

35 -37£. This example bears on the rules given in stanzas and 23 Above. 

\ \ 88i-39£. This example lias to be worked out acoording.to the rule given in 
sfcansa $1 above. * 
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. The rule for arriving at the shadow of a style due to (the 
light of) a lamp :— 

40-J. The height of the lamp as diminished by the height 
of the style is divided by the height of the style. If, by 
means of the quotient so obtained,the (horizontal) distance between 
the lamp and the style is divided, the measure of the shadow of 
the style is arrived at. 

An example in illustration thereof\ 

41J-4 2. The (horizontal) distance between a style and a lamp 
is in foot 96 angulas. The height of the flame of the lamp (above 
the floor) is 60 ( angulas ). 0 you who have gone to the other 

shore of the ocean of calculation, tell me quickly the measure of 
the shadow due to the flame of the lamp, in relation to a style 
which is 12 angulas (in height). 

The rule for arriving at the (horizontal) distance between the 
lamp and the style :— 

43. The height of the lamp (above the floor) is diminished by 
the height of the style. The (resulting) quantity is divided by the 
height of the style. The measure of the shadow of the style, on 
being multiplied by the quotient so obtained, gives rise to the 
(horizontal) measure of the intervening distance between the style 
and the lamp. 

An example in illustration thereof. 

44. The shadow of the style is 8 angulas (in length). The 
height of the flame of the lamp (above the floor) is 60 (angulas). 

4 O 4 . Algebraically stated the rule 
is— 

$ - c- •, where s is the length 
a 

of the shadow of the style whose 
height is represented by a, b is the 
height of the lamp above the ground, 
and c the horizontal distance between 
the lamp and the style. The formula 
may be seen to be correct by means 
cf the diagram here given. 



44, The given measure of the height of the style is 12 angulas, vide stanzas 
46-47 below. 










0 you who have gone to the other shore of the ocean of calculation, 
say what (the measure of) the intervening horizontal distance is 
between the style and the lamp. 


The rule for arriving at the numerical measure of the height 
of the lamp (above the floor) 

45. The measure of thq (horizontal) distance between the lamp 
and the style is divided by the shadow of the style. (Then) one 
is added (to the resulting quotient). The quantity so obtained, on 
being multiplied by the measure of the height of the style, gives 
rise to the measure of the height of the lamp (above the floor). 

An example in illustration thereof. 

4(3-47. The (length of the) shadow of the style is exactly 
twice (its height). The measure of the intervening (horizontal) 
distance between the style and the lamp is 200 ohgulas. What 
is the measure of the height of the lamp (above the floor) in 
this ease ? Here and also in the foregoingexample, the measure 
of the height of the style has to be understood as consisting of 12 
ahgufas , and then the way in which the meaning of the rule works 
out is to be learnt well. 

The rule for arriving at the numerical measure of the height of 
a tree, when the measure (of the length) of the shadow of a man in 
terms of (his) foot and the measure of the length of the shadow of 
the tree in terms of the measure of that same foot are known; as 
also for arriving at the numerical measure (of the length) of the 
shadow of the tree in terms of that same foot-measure, when the 
numerical measure of the height of the tree and the numerical 
measure (of the length) of the shadow of a man in terms of (his) 
foot are known:— 

48. The measure (of the length) of the shadow of the tree 
chosen by a person is divided by (the foot-measure of the length 

45. Similarly, b = ( -- + 1) a. 

48. This deals with a converse caBe of the rule given in the latter half of 
stanza X2f above. The relation between the height of a man and Mb foot-mea§nre 
is utilized in the statement of the rule as given here. 
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of) his own shadow, and then it is multiplied by seven ; this gives 
rise to the height of the tree. This (height of the tree) divided 
by seven and multiplied by the foot-measure of his shadow surely 
gives rise to the measure (of tiie length) of the shadow of the tree 
exactly. 

An example in illustration thereof . 

49. The foot-measure (of the length) of one’s own shadow is 4. 
The (length of the) shadow of a tree is 100 in terms of the (same) 
foot-measure. Say what the height of that tree is in terms of the 
measure of one’s own foot. 

An example for arriving at the numerical measure of the shadoio 

of a tree . 

50. The measure (of the length) of one’s own shadow (at the 
time) is 4 times the measure of (one’s own) foot. The height of 
a tree is 175 (in terms of such a foot-measare). What is the 
measure of the shadow of the tree then P 

51-52^. After going over (a distance of) 8 yojanas (to the 
east) of a city, there is a hill of 10 yojanas in height. In the city 
also there is a hill of 10 yojanas in height. After going over (a 
distance of) 80 yojanas (from the) eastern hill to the west, there is 
another hill. Lights on the top of this (last mentioned hill) 
are seen at nights by the inhabitants of the city. The shadow of 
the hill lying at the centre of the city touches the base of the 
eastern hill. Give out quietly, O mathematician, what the height 
of this (western) hill is. 

Thus ends the eighth subject of treatment, known, 
as Calculations relating to shadows, in Sarasahgraha* 
which is a work on arithmetic by MahavirScarya. 

80 ENDS THIS SARASANGRAHA. 


5l~52i. This example i» intended to illustrate the role given in etania 45 
above. 




APPENDIX I. . 


SANSKRIT WORDS DENOTING NUMBERS WITH THEIR 
ORDINARY AND NUMERICAL SIGNIFICATIONS. 


- 

The eye 

2 

Men have two eyes. 


Pire.. 

3 

The number of sacrificial fires is three, 



viz., JTTftTfT, 3?Tf«|ifor, and ^»T. 

m - 

Number 

9 

I here are only nine numerical figures 
excluding the zero. 


Ah auxiliary dm 

G 

TRsgpe are six auxiliary licparwnents of 

ap*u or depart¬ 
ment of science. 


study\in relation to the Vedas, viz., 

^rTEf. 

3U13 - 

A mountain ... 

7 

Seven principal mountains called Kuld- 
calas are recognised in the geography 




of thePuranas, viz.^lT^sC, <Rc#T f 

3# 

A mountain 

7 

Fide-Sf^. 

3*=^ - 

The sky 

o ; 

The sky is considered to be void. 

3T^5 ... 

Fire .; 

3 

ra« ailfsT, 

aUTT^ft 

An army 

8 

There are eight kinds of army mentioned 




in Sanskrit, vi*., TTvT> JleH 

V »m, ^rf|sfr, ^t, wMi 

aUfTfr?- 

The sky 

# > 

0 

V-fle 3T*F?T. 


The ooean ... 

* 

It is held that there are four oceans, 



viz., eastern, southern, western and 
northern* 


The eye. 

2 

Vide 

3WI - 

The sky. 

0 

Vide ST^cT. 

a<TWm - 

The ocean 

' 4 

Vide 3ffsVf. 

3U^r ••• 

The ocean 

. * 4 

r,d« affetr. 
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F* 


**» 

?! 


3^r>T 

m 


%r 

5frr4?flr 


A horse 


Consisting of horse. 7 
The sky ... * ... 0 

The sun ... ... 12 


The moon ... 1 

The god Indra ... 14 


An organ of 
sense. 

An elephant ... 


An arrow 


The eye ... 2 

The ocean ... 4 

Go<iyi«9U ... 9 

A season .. U 


The hand ... 2 

That which has to 5 

be done : an act 
of devotion or 
austerity. 


The horses of the sun’s chariot are sup¬ 
posed to be seven. 

Fide 

Vide *PTPT. 

The number of fauns is reckoned to be 12 
corresponding to the 12 months of a 
year, viz., «rm, fasr, m, 

fawera;, 

and . j’hey are called 
the twelve Adityas. 

We have only one moon. 

Fourteen Judras are usually reckoned at 
the rate of one Indra for each of the 
fourteen manvantaras . 

There are five organs of sense, viz., nose. 

tongue, eye, skin and ear. 

Eight elephants are said to guard the eight 
carnal points of the world# They are 

trrm, 3°5*Nf, 

W*. STfufa, and §SR#fi. 

The arrows of Manmatba or the Indian 
Cupid are declared to be five, viz. 

afuhr, ’gr, 

and 

Tide ^IW- 
Vide 3(f® «f. 

» 

There are said to be nine Fi^ncs corre¬ 
sponding to the nine past incarnations 
of Vi§nu. 

There are, according t> Sanskrit liter¬ 
ature, six seasons in a year, viz. 

*t, m?, fSRT, 

and nrftir. 

Human heingb have two hands. 

There are 5 vtatas or austerities to be 
observed according to the daina reli* 
gion, viz., 

5TSm?, add -WCIf?- 




APPEN 


An ejephaat ... 8 Vide 

\ ’ ' ' 

Aotioii: the effect 8 According to Jain as there are eight 

of aolior. as its kinds of karma, vi*. 

' 3F<UT?I, 

snfa»>, JTtr^fr and 

I Vide $77$ . 

■# 

4 According to the Jaina religion there are 
four causes for such attachment, vis., 

?rrte> *?pt, trrqr, ?sr*r. 

pfWF The faces of Ru- fl This War-god is snpposed to have six 

faces. Of. 


kwina. 


The moon 
Attachment to 
wordly objects. 


m&ra or the 
Hindu war-god. 

A name of Visnu. 0 


The moon 


Vide 

V 

According to the Jarina religion.souls imy 
have, four kinds of embodiment, vi®., \ 


Elephant 

Passage: passage 
1 into re-birth. 


Mountain 


Qhahty 


The moon 


The moon 


Ocean 


3R5ftf*r 


Ocean 
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Name of a Jaina 

saint. 

24s 

According to the Jainas there are 24 

firthankaras or saints. 

SWOT ... 

l?iro . 

3 

Vide 3fR*T. 

cft^r 

file men Lary prin¬ 
ciples. 

^ 411" 

7 

The Jainas recognize seven such princi- 

pies, viz., 3TR, 3TPiTW, «FV, 

swr, Mr, *rr$r. 

^3 - 

Body ... ... 

8 

Siva is considered to have his bodj made 
op of eight things, viz., Qf$IWTf &[b 

fT3T^, wnj, ft, =eRT, 

WTSOTW. 

ar% 

Evidence ... 

6 

The six kinds of evidence are 

3TgHFT, SHTOR, , aplfqfxT, and 


Vi?J?u ... ... 

9 

Fide 3TC|»lV. 

af$f> ... 

Tlrtha&kara or 

Jina. 

24 

Vide ftnr. 

? r ; * oR[ ... 

An elephant 

8 

Vide 

#r ... 

Worldly action ... 

8 

Fide 

wtf - 

Name of a mani¬ 
festation of Par- 
vatl orBurga. 

9 

Nine separate manifestations of Durga are 
recognized. 

frwr ... 

Quarter or a 

cardinal point of 
the universe. 

8 

There are eight cardinal points of the 
universe. 

... 

Do. 

10 

Ten directions are recognized, namely the 
eiglit cardinal points of the universe, the 
upward and the downward directions. 

r?3 ... 

Sky . 

0 

Vide apFcT. 

;tf - 

The eye ... 

2 

Fid, 3Tfqj. 

ife ... 

The eye 

2 

Vide ansijr. 


Elementary sub¬ 
stance. 

G 

Aoooording to the Jainas there are six 
varieties of elementary »uhsfcanoe, vi*., 

5fta, *i«f, aM, < 15 $, W>R5, 
3TT^T5f. 
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An elephant 
An elephant ... 

A Puranio insular 
division of the 

terrestrial 
world, v 

Constituent prin- 7 
oiples of the 
body. 

Name of a kind 18 
of metre. 


8 Vide PT. 

8 Vide 

7 There are seven such divisions, via., 

S$r, jkNt, vnr, 

7 These are said to be seven, viz., chyle 
blood, flesh, fat, bone, marrow, semen. 

Bach line of a stanza in this metre 
contains 18 syllables. 


to 

... Mountain ... 

7 

Vide 

TO? 

... Name of a dynasty 

9 

Fine Nanda kings are a aid to have 


of kings. 


reigned in Magadha. 

wm 

% 

... Sky ... »•» 

0 

Vide 3TTOT. 

TO 

... Method of com¬ 

2 

According to Jainis there are two Nayas : 


prehending 


tottp^to and 


things from 




particular 




stand-points. 



TO^ 

... The eye] ... 

2 

ride 3%. 

TOI 

M , An elephant 

8 

**r. 


Treasure 

9 

Fine famous treasures are said to belong 


... The eye 

t^F*? Category of 

things* 

TO*T ... The serpent 


trtfiffer ... Ocean ••• 

Oceaa ... 
<nvf> ... Biro 


... 4 

4 

... 8 


to Knbera, the god of wealth, viz., 

to , toto , mi, 

W$> #, ri¬ 

me 3f^f. 

The Jainas recognize nine categories of 
things. 

Sometimes eight and sometimes seven 
principal serpents are reckoned in 
Hindu mythology. 

Vide TOTO- 
Vide 

me arfrr. 
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3 Three cities rei»regenting three A«ura* 
are said in the Puraaas to have caused 
great havoc to the gods, and Siva is 
said to have destroyed them. Of. 


Elephant 


l rid, 

4 The Jainas recognize fonr kinds of spiritual 
bondage, viz., 


Bondage 


.Vide Q. 

The Hindu astronomers count 27 chief 
stelllar constellations or lunar man- 


Arrow 


A constellation 


Elements 


6 Five elements are recognized, vi**, 

wr, mmw. 

12 nd e ^r. 

3 The number of worlds ordinarily counted 
are three, vi*„ the upper, the lower and 
the middle worlds. ' 

8 nde *mr. 


MHSM 1 


The world 


Element 


Fide 

Generally seven of these goddesses are 
enumerated, 

Seven chief sages are usually mentioned ; 
they are, TXW, 3lfV ^l|t§ 

faviftrco ificw, 

Vide %rg. 

It iB held that there are eleven Budraw. 


A goddess 


The moon ... 1 

A name of Siva or 11 




The moon 


Cv 

*.« Mountain 

. v 

.... * 7 

■*W 

Passion 

... 8; 


... Mountain 

. ... 7 i 




sions around the ecliptic. 

Fear 

7 
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HT A precious gem... 



Opening 


Taste . 

Vsf 

Name of a deity 

FT 

Form or shape ... 

... 

Attainment} 


attainment of the 


nine powers. 

efts'* ... 

Attainment 

&§* — 

••••** 

.... 

World . 

c$M ... 

The eye 




A class of Vedio 


deities. 


Fire 

sffFr ... 

Elephant 

*rra ... 

Ocean ... 

PiS ■•• 

The moon 

mi% ... 

Ocean 

Prefom- 

Ocean . 


Object of sense... 


... 8ky 



' &3 


Th ere are three excellent things for 

jaii,as, vi»., twp?r, 

Nine gems are usually recokned, vik. f 

^sr, gwrmr, q?n:nr, 

RW, sjfc5, gfRT, 5TCTc5. 

There are nine chief openings in the 
human body . 

The six principal tastes are 3Pr5> 

cm, rcftK, wq. 

Vide JJS\ 

Everything has its one only shape. 

The nine powers to be attained are 

apRffR, TOT- 

aeRT^SHT, 

aeRntc**, ar^WfciT aod 

Vide ^5o^, 

Vide VRR. 

■o 

me arf^r. 

These deities are considered to be eight in 
number. 

Vide Srf^. 

Vide ST*T. 

Vide 

Vide 

Vide 3jfs3T, 

Vide 

The objects cognizable by the Are organs 
of sense are five, viz.’ 

Vide 


3 

9 

9 

0 

11 

1 

9 

9 

6 

3 

2 

G 

8 

3 

8 

4 

1 

1 

4 

5 

0 
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2H 


f%^r 

A group of Vedic 

13 


deities. 



Sky .. 

0 

M ... 

The Vedas 

4 

t’sprr ... 

Fire . 

3 


An unwholesome 

7 


addiction. 


oZfTtf 

Sky .*♦ 

0 

m 

Act of devotion 

5 


or austerity. 


srtFf ... 

Name of Rudra... 

11 

«*» 




Arrow . 

5 

^r5mr ... 

The moon 

1 


The moon 

1 

SVFg .. 
<*> 

The moon 

i 

SlftR - 

The moon 

1 

m 

Arrow 

6 

fSrf^r. ... 

Fire ...» 

3 


The legs of a 

6 


bee. 



Mountain 

... 

^cT 


1 


Ocean . 

4 

svrt - 

Ocean *•* 

4 

BW* ... 

Arrow ... 

6 

••• 

Elepbant 

8 

* 

The sun .♦« 

12 

m 

The moon ... 

4 

... 

Elephant 

8 

m. 

A note of the 

7 


musical scale. 


This group of deities is said to consist 
of 13 members. 

Vid* 3PPcT. 

There are four Vedas, > HTR> 

3T>t4. 
vide arfft. 

Seven such addictions are prohibited in 
the case of king®. 

Vide 

Vide tftfVftQ- 

Vide JpT- 

me . 

Vide V%- 
ride r'%- 

ride 

ride 

ride ?<J. 
ride 3ff^T. 

The legs of a bee arc held to be si*. 

Vide 3?^. 

me arfswr. 

Vide 

Vide%$. 

Vide ^T. 

Vide 

Vide^. 

Vide 

Seven notes are recognised in the Hindu 
musical scale, vis., H? ft? ^ W* V* 

w, ft. 
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Vide snf, 


Horae 


Vide 

|§iva is said to have one orttra eye in the 
m 

middle of the forehead making up three 
in all . 

Vide 3Tf^T. 

7»d« 3rffcf. 


Name of Bndra ... 11 


Siva's eyes 


The moon 


The moon 




APPENDIX II. 

— 

SANSKRIT WORDS USED IN THE TRANSLATION 
AND THEIR EXPLANATION. 

II®. .. 


AbddLhS 

Adhaka 

Adhvcvn 


Wi 


Adidhnna 


Adimisradhana 


Agaru 

Amla-v&tasa 

Amdghasjarpa 

Amia 

AmiavnUla ... 
A miavarga ... 
Anga-Sdstra 
Ahgula 


Antdrdvalambaka ... 


Segment of a straight lino forming the base of a 
triangle or a quadrilateral. 

A measure of grain. Vide Table 3, Appendix IV. 

The vertical space required for presenting the long 
and the short syllables of all the possible varieties 
of metre with any given number of syllables, the 
space required for the symbol of a short or a long 
syllable being one angula and the intervening 
space between eaoh variety being also an a'hqula. 
See note to VI—333J to 8804, 

Each term of a series in arithmetical progression is 
conceived to consist of the sum of the first term 
and a multiple of the common difference. The 
sum of all the first terms is called the Adidhana, 
See note to II—03 and 64. 

The som of a series in arithmetical progression 
combined with the first term thereof. See not© 
to 11—80 to 82, 

A kind of fragrant wood ; Amyris agallocha. 

A kind of sorrel; Burner vesiearius. 

Nam© of a king ; lit * one who showers down truly 
useful rain. 

A measure of weight in relation to metals. See 
Table 6, Appendix IV. 

Square root of a fractional part. See note to IV—8. 

Square of a fractional part. See note to IV—*8* 

An auxiliary scienoe. 

A measure of length ; finger measure. See I—26 to 
29 also Table I, Appendix IV. 

Inner perpendicular; the measure of a string 
suspended from the point of intersection of two 
strings stretched from the top of two pillars to a 
point in th© line passing through the bottom of 
both the pillars. 
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Antyadhana „« 

. The last term of a series in arithmetical or 
geometrical progression. 

Ann 

. A tom or partiole. See stansas 26 to 27, Chapter I 
and Table 1, Appendix TV. 

Arififanemi 

Arbuda 

Arjv/na 

Arita ... , M 

,, Nanie of a Jaina saint ; one of the 24 Tirthahkaras. 

.. Name of the eleventh place in notation. 

.. Name of a tree j Terminalia Arjuna, W. & A. 

.. Name of a tree ; Qrislea Tomentosa. 


A.idka . Name of a tree ‘J&nesia A&pka Roxb. 


A up d ra—Ann drap hala , 

A kind of approximate measure of the cubical con¬ 
tents of an excavation or of a solid. See note to 

Avali . 

Aycma ... 

Bija . 

VI1I-2. This kind of approximate measure is 
called Aafctra by Brahmagupta. 

A measure of time. Vide Table 2, Appendix IV. 

.. Bo. do. 

.. Literally seed j here it is used to donote a set of two 
positive integers with the aid of the product and 
the squares whereof, as forming tho measure of 
the sides, a right angled triangle may be cons¬ 
tructed. Vide note to Y1I—20f. 

Bhdya ... 

... A measure of baser metals. Vide Table 6, Appendix. 
IV. 

A simple i'raotion, 

A variety of miscellaneous problems on fractions. 
See note to IV—3. 

BMgabhdga 

Bhdgdbhydsu 

... A complex fraoticn. 

... A variety of miscellaneous problems on fractions. 
See note to IV—3. 

Bhagahara... 

Bhdgamatr 

... Division. 

Fractions consisting of two or more of the varieties 
of Bhaga, Prabhdga , Bhagaihaga, Bhfig(fnub<mdha, 
and Bhdydpavdha fractions. See note to III—138. 

Bhd gdnu bandhA 
Bhdgdpavdha 

Bhd gasa mvarga 

... Fractions in association. Vide note to III—113. 

... Dissociated fractions. See note to III—126. 

... A variety of miscellaneous problems on fractions. 
See note to IV—3. 

Bhdfya 

... The middle one of the three places forming the cube 
root group j that which has to be divided. See 
note to II—63 and 54. 

Bhdra . 

... A measure of baser rnetafs. Vide Table 6, Appendix 
IV. 

Bhinnadrtya 

... A variety of miscellaneous problems on fractions. 
See note to 17—3. 




^ 

0 A$ itasahasa kg ra H A. kI7JL- 

Bh innakuttikdra ,.» 

... Proportionate distribution involving fractional 
quantities. Bee footnote in page 125. 

CakriMbhanjana .... 

... The destroyer of the oyoto of recurring lebirfcha ; 
also the name of a king of the Raa$r&kttt& dynasty. 

Campaka 

... Name of a tree bearing o yellow fragrant flower 

Chanda * . 

Giti .. ... 

Citra-kutpihara 

Mich elia ChumpaJca , 

... A syllabic metre. 

... Summation of series. 

... Curious and interesting problems involving propor¬ 
tionate division. 


Citm-kuffikaramiira ... Mixed problems of a curious and interesting nature 


Banda 

involviug the application of tho operation of 
proportionate division. 

A measure of distance. Fide Table 1 of Appendix 
IV. 

Daia . 

l)a*a-kdfi 

Daia~faksa 

Baiasahcura ... 

Qharapa ... ... 

... Tenth place. 

... Ten crore. 

... Ten lakhs or one million 

... Ten thousand. 

... A weight measure of gold or silver j Vide Tables 4 
and 5 of Appendix IV. 

JHnara . 

A weight measure of baser metals. Vide Table 6 of 
Appendix TV. Also used as the uame of a coin. 


Prakpupa . A weight measure of baser metals, tide table 6 of 


JDrona ... 

Appendix IV. 

... A measure of capacity in relation to grain. Vide 
Table 3 of Appendix IV. 

Dunduka ... 
Dviragraiepamulu, 

M « . 

QanQaka 

Name of a tree. 

... A variety of miscellaneous problems on fractions. 

.. Unit place. 

.. A weight measare of gold. Vide Table 4, Appendix 
IV. 

Ghana . 

... Cubing; the first figure on the right, among the 
three digits forming a group of figures into 
which a numerical quantity whose cube root is 
bo be found out has to be divided. See note to 
II—S3, 54. 

GhanamiUa 

Ghat! . 

Quriakara ... 

Cube root, 

A measure of time. Vide table 2 of Appendix IV. 
Multiplication. 


Gunadhana ... ... The product of the common ratio taken as many 

times as the number of terms in a ’'geometri¬ 
cally progressive series multiplied by the first' 
term, Sea note to U—93, 



iSfiP 
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Gmjd 

Easta 

Eintdla 

IccM 


Indranila .. 

Jam b ft 
Janyct 

Jinas 

Jinapati 
Jina-santi ... 
Jina-Vardhan, a no, , 

Kadamba ... 

Kala 

Kaldsavarna 

Karmas 


Karmdniika 


Karm 

KdrMpana 

KetakJ 

KMri 

Kharva 

km 

Kdtikd 

Krosa 

Krsmgaru . 
Krti 

Kwpapada 


A weight measure of gold or silver. Vide Tables 4 
and 6 of Appendix IV. 

A measure of length. Vide Table 1 of Appendix IV. 

Name of a tree ; Phsenix or Elate Paludoea* 

That quantity in a problem on Rule-of-Three in 
relation to which something is required to bo 
found out according to tho given rate. 

Sapphire. 

Name of a tree ; Eugenia Jambalona. 

Trilateral and quadrilateral figures that may be 
derived out of certain given data called bijas. 

The great teachers of the Jaina religion j the Jaina 
Tirthmikaras. 

The Chief of the Jinas, Vardhamana. 

Name of a Jaina saint; a Ttrthankara, 

Vardhamana, the great propagator of the Jaina 
religion and the last of the Ttrthankarae, 

Name of a tree ; Nauclea Gadamba . 

A veighfc measure of baser metals . Vide Table 6, 
Appendix IV. 

Fraction. Pee footnote on page 38. 

Consequence of acts done in previous births. Ac¬ 
cording to Jainas the Karmas are of eight 
kinds. See under in Appendix I. 

A kind of approximate measure of the cubical 
contents of an excavation or of a solid. See note 
to Chapter VIII—9. 

A weight measure of gold or silver. Vide Tables 
4 and 6, Appendix IV. 

A Karsa. 

Name of a tree j Pandanu* Odoratissimus . 

A measure of capacity in relation to grain. 

. The 13th place in notation. 

, A measure of length in relation to the sawing of wood. 

Crore, the 8th place in notation. 

. A numerical measure of cloths, jewels and canes. 
Vide Table 7, Appendix IV. 

A u easure of length. Vide Table 1 of Appendix IV. 

. A kind of fragrant wood j a black variety of Agallo- 
chum, 

Sqnaring. 

Half of the difference between twice the first term 
and the common difference in a series in arithmeti¬ 
cal progression. 
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Kgitytf ... 

KfiMa 

Kfifafi 

Kudnha or Kudaba 
Kumbha 

Kwikuma . 

Kuravaka ... 

Kufaja . 

Kuffikdra .. 

Lahhi 

Lak#u 

Lanfac ... ", 

Lava 

Madhuka .. 

Madhyadhana 

Mahtfkharva 
Mahdkfiityd ... 

Mdhdksvbha ... 

Mahdksom 
Mahdpadma ... 

Mahamtikha 

MhhdvVra . 

Mdnt ... 

Mardala ... 

Mdrga 

Mata #•# #♦# 

JtfSn* . 

Miiradhana 
Mrdanga ... 

jtfuftdrta- 

Afwkha 

AftfZa ... t 

MtUamUra . 


The 21st place in notation. 

The 23rd place in notation. 

The 17th place in notation. 

A measure of capacity in relation to grain. Vidt 
Table 3 of Appendix IT. 

Do, do. 

The pollen and filaments of the flowers of saffron, 
Cronus sativus. 

Name of a tree ; the Amaranth or the Bartena. 

Name of a tree ; Wrightia Antidysentertra , 

Proportionate division. See VI —791. 

Quoti* nt or share. 

Lakh, the 6th place in notation. 

The place where the meridian pagein# through 
Ujjain meets the equator. 

A measure of time. Vide Table 2 of Appendix IV, 

Name of a tree, Basda Latifolia. 

The middle term of a series in arithmetical progres¬ 
sion. See note to II—63. 

The 14 th place in notation. 

The 22nd place in nofcatiou. 

The 24th place in notation. 

The 18th place in notation. 

The 16th place in notation. 

The 20th place in notation. 

A name of Vardhamana. 

A measure of capacity in rotation to grain. Vide 
Table 3 of Appendix IV. 

A kind of drum; for a longitudinal section, see note 
to VII- 32. 

Section • the line along winch a piece of wood i* 
out by a saw, 

A weight measure of silver. See Tables 5. Appendix 
IV. 

Name of a fabulous mountain forming the centre 
of Jambdflvlpa, all planets revolving round it. 

Mixed sum. See note to 11—80 to 82. 

A kind of drum ; fora longitudinal section, see not© 
to VIII—82. 

A measure of time. Vide Table 2, Appendix IV. 

The topside of a quadrilateral. 

Square root; a variety of miscellaneous problems on 
fractions. Vide not© to IV—3. 

Involving Bquare root > a variety of miscellaneous 
problems on fractions. Vide note to IV—3. 


aM*bni>ix it. 


Murajn. 

Nandydvaria 

JVarapdla . . 
NUotpala ,., 
Niruddha ... 
NieJca 

Myarbuda ... 
Pd da 
Padma 
Padmaraga 
Paiiacika ... 

Fah&a ,v 

Pool 

Papa 

Pamva 

Parana tm .. 
parikarman 
Pdrha 
Pd ta li 

Paffikd ... 

Phala 


Plahpa 

Prahhdga ... 
PtaJctrmka .. 
FrakpZpalti 
P rakpvpaka-ka ran a 
Pramdna ... 

Prapummkd 

Prastha 

Pratyutpanm 


m 

A kind of dram; some as Mrdavga 

Name of a palace built in a particular form. See 
note to VI—332|. 

King; probably name of a king. 

Blue water-lily. 

Least ooinmon multiple. 

A golden coin. 

Tho 12th place in notation. 

A measure of length. Vide Table 1, Appendix IV. 

The 15th place in notation. 

A kind of gem or precious stone. 

Relating to the dovil ; hence very difficult or com* 
plex. 

A measure of time. Vide Table 2 of Appendix IV. 

A weight measure of gold, silver and other metals. 
Vide Table* 4, 5, 6 of Appendix IV. 

A weight measure of gold; vide table 4 of Appendix 
IV ; also a golden coin. 

A kind of drum ; for longitudinal section see not© 
to VII—32. 

Smallest particle. Vide Table 1, Appendix IV. 

Arithmetical operation. 

A Jaina saint ; one of the Tirthankaras. 

A tree with sweet-scented blossoms; Bignonta 
Suavtelens. 

A measure of saw-work. Fide Table 10, Appendix 
I V ; also note to VIII—63 to 67$. 

A given quantity corresponding to what, has to be 
found oat in a problem on the Rulo-of-Tbree. 
See note to V—2. 

Name of a tree ; the waved-loaf fig-tree, Ftcww In- 
fectoria or Religiosa, 

Fraotion of a fraction. 

Miscellaneous problems. 

Proportionate distribution. 

An operation of proportionate distribution. 

A measure of length. Vide Table 1 of Appendix IV. 
The given quantity corresponding to lechd, in a 
problem, on Rule-of*Three. See note to V—2. 

Literally, that which completes or fills; here, baser 
metals mixed with gold; dross. 

A measure of capacity iu relation to grain. Vide 
Tables 3 and 6, Appendix IV. 

Multiplication, 
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Pravarbikd 

Punndga ... 

Pur#)? a 

... A measure of capacity in relation to grain. 

. Name of a tree y Rottleria Yinctoria, 

.. A weight measure of silver. Vide Table 5, Appendix 
IV} probably also a coin. 

}'u$yamga 

Ratharenu 

Bomakdpuri 

Rtu ... 

... A kind of goal of precious stone. 

... A particle. Vide Table 1, Appendix XV, 

... A place 00* to the west of Laftka. 

Season, here used as ft measure of time. Vide 
Table % Appendix 1V 

Saha era 

8aka 

Sakata kuttikd ra 

... Thousand, 

... The teak tree. \ 

... Proportionate distribution, in which fractious are 
not involved. 

Sdla 

SalWcl . 

Sanxtya 

Sa-iikaltfa ... 
tfanlchd 

Smtkramdtm 

... The sal tree y Shorea Robusta or Valeria Uohusta. 

... Name of a tree ; Bo sic ell ia Thun fern, 

... A measure of time. Vide Table 2, Appendix IV. 

... Summation of series. 

... The lf*th place in notation. 

... An op ration involving the halves of the sum and the 
difference of any two quantities. See note to 
VI—2. 

Saikrdnti 

The passage of the sou from one sodiacal sign to 
another. 

8dnti . 

Sarala 

gdrasa 

Sdrasavgraha 

ih Name of a Jaina saint. See Jina-Sdnti. 

... Name of a tree y Finns Lcngifolia . 

A kind of bird. 

... Literally, a brief exposition of the essentials or 
principles of a subjecty here, the name of this 
work on arithmetic. 

Sarja 

Sarvadhanci 

... Name of a tree y same as the sal tree. 

... The sum of a series in arithmetical progression. See 
note to II—63 and 64. 

&ata 

tfataJcfifi 

Satera . 

... A hundred. 

... A hundred crores. 

A weight measure of baser metals. Vide Table 6, 

&$9a . 

Appendix IV. 

... The terms that remain in. a series after a portion of 
it from the beginning is taken away. See note 
on page 34. 

A variety of miscellaneous problems On fractions. 
See note to IV—8. 

^Ssamula ... 

... A variety of miscellaneous problems on fractions, 
See note to IV—3. 

Siddhapurl 

... The antipodes of Lahkd, 
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Siddhas . 

... Those who have attained to tho highest position, in 
regard to apiritual knowledge. 

88#a$ika ... 

... A measure of capacity in relation to grain. Vide 
Table 3 of Appendix IV. 

fiodhya. 

... One of the three figures of a oubie root group. See 
noto to II—53 and 54. 

Srdvdka . 

Srtparm 

StoJca 

Silks maphala 

A lay follower of Jainism. 

... Name of a tree ; Premna Spinous, 

... A measure of time. Fide Tabio 2, Appendix IV. 

... Accurate measure of the area or of the cubical 

contents. 

Suva rm-kutfi kd ra,,. 

Proportionate distribution as applied to problems 
relating to gold. 

Smrata 

Svarna . 

Syddvifda ... # ... 

Tama la ... 

Name of a Jaina saint \ one of the Tirthankaras . 

A gold coin, 

... The argument of ‘ may be.* See footnote on page 2 
... Name of a tree j Xanthochymus Pictorius. 


T ilaka '*.Nmnp of a tree with beautiful flowers, 

Ttrtha ... Ford. See note to VI—1. 


Tlrthatityra* 

... The 24 famous Jaina saints and teachers. See note 
to VI—1. 


Trasarenu . A pftrtiole, Vide Table 1, Appendix IV. 


Triprama ... 

... Name of a chapter iu Sanskrit astronomical works. 
See footnote on page 2. v 

Tula . 

Ubhay anise dha 

Ucchmsa 

Utpalu 

Uttaradhana - ... 

... A weight measure of baser metals, 

A di-deficient quadrilateral. See note to VII—37. 

A measure of time. Fide Table 2, Appendix TV. 

... The water-lily flower. 

The earn of all the multiples of the common differ¬ 
ence found iu u series in arithmetical progression. 
See <aote to II ~63 and G4. 

XJttaramUradhana 

... A mixed sum obtained by adding together the 
common difference of a series in arithmetical 
progression and the sum thereof. See note to It 
to 62. 

Vdha 

Vajra ... ■ ... 

... A measure of capacity in relation to grain, 

A weapon of Indi a ; for longitudinal section see note 
to Chapter VII—32. 

Vajrapatartana 

... Cross reduction in multiplication of fractions. See 
noto to III—2. 

Fakula 

VaXUM 

YaWkakutWdra ... 

... Name of a tree ; Mimusopn Elengi, 

... ^ Proportionate distribution based on a creeper like 
... > chain of figures. See note to VI—116$. 
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Vardhamofna 

... Name of the chief of the Jinaa j vide Jina-Vardha - 
w ana. 

Vargamnla ... 

Varna 

... Square root. 

... Literally colour j here denotes the proportion of pure 
gold in any given piece of gold, pure gold being 
taken to be of 16 narnas. 

Vicitra-kwtfiMra ... 

... Curious and interesting problems involving propor¬ 
tionate .division. 

Vidyddhara-nagara 

... A rectangular town is what seems to he intended 
here. 

Vita/mti kuiftM ra, ... 

Proportionate distribution involving fractional 
quantities. Vide footnote on p. 126. 

Vipamasau Jcrarnarta 

... An operation involving the halves of the sum and 

Vitaeti 

Vfsabha 

Vyuvahdrdtigula. ... 
Vyutkalita 

the difference of. the two quantities represented 
by tbo divisor and the quotient of any two given 
quantities. See note to VI—2, 

... A measure of length. Vide *J#ble l*of Appendix XV. 
... Name of a Jaina saint; one of the Tlrthaithxras. 

... A measure of length. Vide Table 1 of Appendix 1V„ 
... Subtraction of part of a series from the whole series 
in arithmetical progression. See note on page 34. 


Yava, . . . A kiud of grain ; a measure of length. Vide Table 1 


YavaJcofi 

Y6ga 

Appendix IV. 

Longitudinal seotion of a grain; for diagram see 
note to VII—32. 

... A place 90° to the East of LahkA. 

... Penance; practice of meditation and mental con¬ 
centration. 

Vdjana 

... A measure of length. Vide Table 1, Appendix VI 
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ANSWERS TO PROBLEMS. 

CHAPTER if. 

(2) 1152 lotuses, 

(3) 2592 gems. 

(4) 16151 gems. 

(5) 53946 lotuses. 

(6) 9255327948 lotuses. 

(7) 12345664321. 

(8) 43040721. 

(9) 1419147. 

(10) UllllUl. 

(11) 11000011000011. 

(12) 100010001. 

( 18 ) 1000000001 . . 

(14) 111111111; 222222222 ; 333333383; 444444444 ; 555555555; 680066666 
777777777; 888888888; 999999999. , 

(16) 11111111. 

(10) 16777216. 

(17) 1002002001. 

(20) 128 Dinaras. 

(21) 73 pieces of gold, 

(22) 131 Dinaras. 

(23) 179 pieces of gold. 

(24) 803 fruits. ^ % 

(25) 173 fruits. ' 

(20) 4029 gems. 

(27) 27984681 gold pieces. 

(28) 2191 gems. 

(32) 1; 4; 9; 16; 25; 30; 49; 64; 81;‘825} 256; 6*6; 1296 ; 5625. 

(33) 114244 ; 21724921; 06630. 

(34) 4294967296; 152399025; 11108889. 

- (35) 40793769 ; 50908225 ; 1014484. 

(37) 1; 2; 3; 4; 5; 6; 7; 8; 9; 10; 24. 

(38) 81; 256. 

(39) 65536 ; 789. 

(40) 7979; 1331. 
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(41) 86 f 25 ; 

(42) 333; 111 ; 919. 

(48) Is 8; 27 f 04i 125; 216; 343; 512;729 ; 3375; 16625; 46656;466633'; 
884786. 

(49) 1030301; 6088448 ; 137388096; 868601813 ; 242771558). 

(50) 9663597 ; 77308776 ; 260917119 ; 618470208; 1207949625. 

(51) 4741632 ; 37933056; 128024064 ; 303464448 ; 592704000; 1024192512; 
1628879776; 2427715584. 

(52) 869011369946948864. 

(55) 1; 2; 3; 4; 6; 6; 7; 8; 9; 17; 123. 

(56) 24 ; 333 ; 852. 

(57) 6464 ; 4242. 

(58) 420; 639. 

(59) 1344; 1176, 

(60) 950604. 

(66) 65; 110; 165; 220 ; 276; 330; 386; 440 ; 495; 650. 

(66) 40. 

(67) 564 ; 764; 980; 1245; 1552; 1904; 2304. 

(68) 4000000. 

(71) 6; 8; 16. 

(72) 9 s 10. 

(77) 2; 2. 

(79) 2; 620; 10; when the chosen numbers are 2 and 10. 

(83) 2; 3; 6: 2; 8; 5. 

(85) 120 ; 24; when the sura of the required series is twice the known sum : 
SO ; 60 ; when the enrn of the required series is half of the known sum. 

(87) 46 ; 4; when the sums are equal: 86; 24; when one of the sums is 
twice the other: 44; 26 ; wheu one of the sums is thrioe the other. 

(88) 100 ; 216; when the sums are equal •• 232; 192 ; when one of the snms 
is twice the other: 34 ; 228 ; when ona of the sums is half of the other. 

(90) 215 17; 18; 9 ; 6 ; 1 : 25; 17 V 9 ; 1. i# 

(92) 6; 5; 4; 3; 2; 1. 

(96) 4374 ooins. 

(99) 1276 dinara#. 

(100) 08887; 22888183593. 

(102; 4 ; 2. 

(104) 4. 

(105) 8; 9 ; 15. 

(111) 224; 201 ; 175 ; 244; 201. 

(112) 4830; 4656 ; 4200 ; 75250. 

(113) 182938; 6846. 

(114) 180; 112; 60; 40. 

(116) 4092 ; 2044 ; 1020 ; 608 ; 252 ; 124 , 60. 
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(3) 


1 

-g- PW3- 
’4) 1-i P«nas. 

.6) 2 ^ pupae. 

[6) 2} palas. 

;7} IP 2P 

fi) popas, 

LO) 17| papas, 

11) 14 £-*«*<». 

8 24. 48 

U) T 1 2T J 49 


120 224 ^ 

14*3 ; 266 1 


120 

133* 


> 49 

"I 

L. I . 

4 1 9 * 


(W) 


JL 

*1 


(18) 


(19) 

69319 

8000* 


1 

w* 


l 

27 5 
343 


81 

■s^snt 

49 
16 3 


1 

4 * 


1 

64 
1331 


80 

81* 

266 

400 

10000 

40000 

; 

* 9 * 

* .9 

i 9 " • 

81 

m 

169 

225 289 

26 ; 

36 * 

49 ; 

r 64 } 81 

1 1 

I ? 6 * 

26 

14 and 16 in this chapter ; — 

i 

1 

1 

X 1 

IB* 

216 ; 

343 5 

612 J 729 ‘ 


361 
100 J 


441 
121 1 


529 

144* 


'* 64 1 216 * 


3376 
612 1 


6869 

1000 


12167 19083 29791 42876 


5 1728 5 2744 * 4090 * 6832 


(30)4-1 


( 21 ) 


31 
16 * 


(23) 

(24) 


9^ 

2 * 

I L 

3 * 4' 
36 39 13 

18* 20 ; 3 

31 11 


2 

1 

2* 


1 

8 } 


£ 
4 * 


U 

6 


15 
8 ; 


19 

To* 


23 


*L, 

14 


64 J 


160’ 


60 * 
20 


3 

88 ; 


927 

2366’ 


3377 
8704 : 


1391 
3610 ; 


8636 
22264‘ 


(30) In eaoh of the series tf\0 first term is 1, and the common differences 2 
The squares of the sums are 


9 


A 

16’ 


10_ 

26 


100 in^ 

121' 144 
612 J729 

555P looo’ 


The cube# of the sums are 


27 


27 

64 


26 36 "49 J34 

30’ 49’ 64* 81 > 
64 125 m; 

» 126' 216 * MM* 


81 

100 * 

343 

612’ 


1000 

1331' 1 


1331 

1738* 
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(28) The cubic* sums are i. i?. i* 13L 31 
27 ’ 64 ’ 126’ 216 ’ 343 


• the first terms are 


16 


1 5 

6 9 24~’ 


14 


i the common differences a r e —, 


3 8 


JLp 

12 


3 a 

—. the numbers of terms are ---, 


8 5 1 2 

6 9 3 ’ 7 ’ 


(30) 


r 5 2i ■ 


< 81) ffi IT 


(32) 

(36) 


4’ 2 ' 
6 2 


9 J V* 

(37) |s f. 

( 39 ) ~j~~, *l?- 8 are the interchangeable first term and common difference 
when the Bums are equal; and ~~ i* the eqnal sum. When the sums are 
7852 2558 

in the ratio of 1 to 2 , and - 7 =--- are the first term and the common differ* 
4 o /& 

3102976 

enco; and the double sum is —— — When the sums are in the proportion of 

1342 4883 

1 to the first term and the common difference are —— and -£■— * and the 

46 76 * 


haired sum is 

(42) -2±L ; 
v ' 2048 


7651488 
226 • 
1 


(44) 


136 


47 ’ 

(48) 4- 

127 
5760* 
11 
100 * 
4367 


2048 

136. 63 

82~’ 52 ' 


(49) 

( 60 ) 


(51) 


653 9367 


(62) 21 ; 2 


176 . 
81 ' 


12000 ’ 1440 ’ 23620 
35 . _17_ 

2 ’ 

(53) The first terms are 

228F0 13376 t jj 6 ntmihera of terms are 6 ; 4; 4. 

6561 6661 

(67 & 58) 1. 

(69) 1. 

(60) ljljl. 


352 704 37186 

•-; ; the sums are —- 

243 729 6561 









AI’PKNDIX HI. 


309 


(61*62) 1 j I, X* 1 . 

(63) 0. 

(64) * 
o 

(68 & 66)-I- JL. 

6 8 

(67 to 71) 4, 

(74) 2 ; 3 ; 4. 

(76) (a) 2 ; 3; 9; 27; 54. (b) 2 , 3 ; 9 ; 27;', 81 : 162. (e) 2; 3 ; 9 ; 27 ; 81 ; 

243 j 486. 

(78) (1)8; 136; 340 ; 200. (2) 44; 220; 460 ; 290. (3) 78; 286 ; 550; 

325. 

(81) (1) 5 j 21 j 420 ; when the optionally chosen quantity is 1 throughout; 
(2) 3; U j 232 ; 53592 ; when tho optionally chosen quantities are 2,1, 3, 

(83) 2 j JL; when the chosen quantities are 6 , 8 , 9. 

(84) 8 •, 12 ; 16; when the chosen quantites are 6 , 4, 3. 

( 86 ) (1) 18 ; 9; when the chosen number is 3. 

(2) 30 1 15 ; when again the chosen number is 3. 

(84) (1) 6 ; 12 i the chosen number being 2. 


( 2 ) 3 ; 15 

do 

5. 

(3) 46; 92 

do 

2 . 

(4) 22; 110 

do 

6 . 


2 4 20 


(90) (1) 4 j 28 (2) 26 j 175. 

(91) 16» 240. 

(92) 151, 3020. 

(94) (1) 22, 44 , 33,66,58 ,116 ; when the sum \b split up into 

and i and the chosen number is 2, 

4 

( 2 ) 11 ; 22 ; 69 j 236 ; 191 ; 38 ; 20 ; when the sum is split up into JL 1 

(98) 62, 

(97) 21, 

(98) L. 

(100 to 102) 1. 

(103 & 104) 1. 

(105 & 106) 1 . 

(108) 


1 

2 


3 


40 

( 111 ) 7 


3 . JL. if i ; JL andJL are the optionally chosen quantities. 


6 12 


u 


( 112 ) 


3 ’ 

(114) 0. 







OAjnTAslpASjiweBAHA. 



(115) 14-±- nirtas. 

(118) 0. 

(117) 2 drdpas and 3 m&»as, 

(118) 1-j- 

4 

(119) 2 gf niskas. 

( 120 ) 1 . 

( 121 ) IT- 

(128) is 


1 1 .. 
10 ' 9 


- are the optionally split np parts. 


(124) 


(127) 24 kprms. 


8 


’ (128) 

(129) 1. 

(130) 1. 

(131) 1. 

(133) -i 
parts. 

(134) i. 


i JL 

4 * 3“ 


when 4 , Y 2 " T are °P tional ly n P 


(137) 


— when —, 


1111 

-q , y> ~q~ *r© the optionally ohosop fractions 


in places other than the beginning j A when A , 
similar fractions. 

(139 A 140) 8 “TT* 


are 


CHAPTER IV. 


(5) 24 hastas. 

( 8 ) 60 bees. 

(7) 108 lotuses* 

(8 to 11 ) 288 sages. 

(12 to 16) 2620 parrots. 
(17 to 22) 3466 pearls. 
(23 to 27) 7660 bees, 

(26) 8192 cows. 

(29 and 30) 18 mangoes. 
(81) 42 elephants. 

(32) 108 putdrms. 

(84) 38 camels. 

(26) 144 peacocks. 


(86) 678 birds. 

(87) 64 monkey®. 

(38) 36 mickoog. 

(39) 100 swans. 

(41) 34 elephant®, 

(42 to 46) 100 ascetics. 
(46) 144 elephants. 

(48) 16 bees. 

(49) 196 lions. 

(60) 824 deer. 

(83) 48 angulai. 

(64 & 66 ) 160 elephants. 
(60) 200 boars. 

( 68 ) 96 or 32 vdhas, 

(69) 144 or 112 peacock*?. 
(60) 240 or 120 hastas, 
(62) 04 or 16 buffaloes. 
( 68 ) 100 or 40 elephants. 
(64) 120 or 46 peacooks. 

( 66 ) 16 pigeons. 

(67) 100 pigeons. 

( 68 ) 266 swans. 

(70) 72. 

(71) 824 elephants* 

(72) 1728 asoetios. 


CHAPTER V 

( 8 ) 688 ydjanas. 

(4) 6 -g- yd jams. 

(6) 105600000. 

(6) 10-J5- days. 

(7) 31X0 f years. 

_ imu 

(®) ^ 430080 ‘ v ^b,aa. 

(9) 82 

( 10 ) panas, 

(11) 196-f bharas. 


(12) 666^3 dlndras. 




■tt WtSTfiy 


<8L 

(18) 2880 ^ 35 "' 

(14) 163 pair a* 

3 JL 81 

(16 & 16) 12 12 ft ydjanas j 27 *i§jp v&has, 

(17) 112 drotias of kidney bean j 604 kudabas of gbeej 336 drfyas of rice 
448 pairs of cloth ; 386 cows 1 168 svarws. 

169 

(18) 160 j 112 ~32<r dharams, 

(19) 720 pieces. 

( 20 ) 526 pieces. 

(21) 24 Tirthatilcaras, 

( 22 ) 216 blocks. 

(24 & 26) 6 years and 117 days, 

(26) 218 ~ 2 ' days, 

(27) 10 years and 246 "IF <Jaya * 

(28 to 30) 351 days* 

(31) 76 J- days. 

(33) 10 purdyas j 18 purdnaa ; 28 purdyas, 

19 

(34) 29 “i^Tgold coins, 

( 86 ) 36 gems. 

(36) 4000 pawn*. 

(37) 260 Teams. 

(38) 960 pomegranates. 

(39) 660000 gold coins. 

(40) 750 gold coins. 

(41) 54, 

(42) 262 gold coins. 

(43) 945 v<fr has. 


CHAPTER VL 

(8) 7 ; 5 : 4 ; 6o 

(6) 9 j 18 j and 25 — purapaa. 

( 6 ) 17 |j k «-Wpanat. 

(7) 51 purinat and li partas. 

( 8 ) 200 . 

tJ 

(9) 33~g Mrtapapax. 

( 11 ) 138 - 5 - purgna». 
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Avvmmx in. 


i 

(U) 14. 

* (18) 60 i 60 ; 70. 

(15) 10 months, 

(16) 0 month*. 

v (17) 10 months. 

(19 & 20) 36-f l>al(t9. 

(22) 30 \ 1$. 

(24) 30. 

(26) 5 mont hs. 

(27) 5 months ; 76. 

(28) 4j months! 81J. 

(80) Sli 

(31) 60; 6 months. 

(82) 24 months ; 36. 

(34) 10 i 2| months. 

(86) 48; 10 months ; 24. 

(38) 10) 6 ; 3 ; 16. 

(40) 40 ; 30 ; 20 i 50. 

(41) 6 ; lOi 15 ; 20 ; 30. 

(43) 5 months j 4 months ; 3 months ; 6 months. 
(46) 8. 

(46) 6; 14. 

(48) 20 i 28 ; 86. 

(49 & 60) 26. 

(62) 18. 

. 63) 30. 

' (55) 90O. 

(56) 800. 

(68) 28 months. 

(69) 18 months. 

(61) 2400 ; 800; 1200 ; 96. 

(62) 1000; 420 ; 480 ; 90. 

(64) 60. 

(66) 50. 

(67) 2400 ; 2720 ; 3400. 

(08) 1050; 1400 ; 1800. 

(69) 5100; 4590 ; 4050. 

$ (70) 1300; 1198 ; 1160. 

(72 and 734) i 8 Mii j months. 

(734 to 76) 440; 11; 5 months. 

22 7 

(764) y months ; g. 

(804) 48 ; 32 j 24; 16, 
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(81*) 3 ; 9 ; 87; 81; 243. 

(82* to 86*) 120; 80 ; 40 ; 160,60 ; 20. 

(66*) 48 ; 72 ; 06 ; 120 ; 144. 

(90* and 9.*) 70 pomegranates; 35 mangoes ; wood apple?. 
(92* to 94*). 


Curd. Uhee. Mil It. 



(98*)- 4; 9j 18; 36. 

(99*j 8; 13; 21; 36. 
(100*) 2; 4; 7; 13; 25f. 
( 101 *) . ra.i 39 ; 96 : 234. 

' (103*) 220 ; 37. 

(104*) 20; *. . 


VlOS*) 6; 4; 3. 

(the latter two having been optionally choosen). 


(106*) 8. 

(108*) 8031600 ; I860 ; 2281. 
(110*) 148; 35328; 184. 


(U3* and 113*) flowers. 


(1144) ~j- dowers. 


(117*) 5. 

(118*) 17. 

(119*) 26. 

(120*) 9. 

(121*) 55. 

(122*) 61. 

(123*) 69. 

(124*) 39. 

(125*) 16. • 

(126*) 16. 

(127*) 537. 

(128*) 138. 

(129*)'194. 

\ (131 *>11. 

(182* and 133.,) 25. 

(135*) i ; 

'(1874) 10 ;57. 

' *. (138*) In the case of positive associated numbers '1 

21 ; 16 ; 18 ;,11 I 21 ; 19 ; 37 ; 7 ; 37 ; 6 j . |J ; 13 ; 6 ; 12; I ; 2b. 
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la the case of negative associated numbers : 

11518} 23 , 27 ; 19; 23; 7} 39} 11 ; 44;~~ } 41 ; 51; 4-6 ; 59 ; 37. 



Citrons. Plantains. Wood-apples. Pomegranates. 


14 

16 

18 

2 


3 

3 

3 

10 


(140* to 142*) 8} 6. 

(1444 and 145*)- 

I heap 
II „ 

HI „ 

Price 

(147* tb 149). 

Peacocks. Pigeons, Swans 
Number 7 10 46 

14 

Price in panas ~~ 12 36 

(150)— 

Ginger. Long pepper. Pepper, 
Quantity 20 44 4 

Price in panas 12 16 32 

(152 and 163) Pams 9 ; 20 ; 35 ; 3,0. 

(155 and 156) When the optional number is 6 ; 


3 
2 

1 * 

4 

Saraaa-birds. 

4 

10 


88. 

14 


n, 

14 


3; 7. 


When the optional number is 8 ; 5 j 6 } 16 ; 4. 

(168) Length of a stage 10 Ytyanas; each horse In s to travel 40 Yojanas. 
(160 to 162) 10} 9} 8 j 5. 

(164) 20-15 and .12. 

(165 and 160) 8 j 20 ; 40. 

(168) 243 panas, 

2 4 2 16 40 2g 80 


(170 to 17li) 10* } 

(173*) 32. 

(174*) 87f 
(177* and 178) 14. 

(179) 3. 

(181) 21. 

«“*> f• 

(186) 20 ; 4; 4j 4; 4; 24. 


21» 21» 7 * 21* 21 3 7 


(188) 

(190) 


117 109 
16 ’ 10" 
13 


175. 
16 ; 


13. 


29 


111 

10 * 


1007 m 11 75 
IF’ (6) 2 ! 7 ; 


(.191) Si 13; 10 i Y- 
(103 to 106*) (a) y i ; 


(198*) 660 ; 448. 

(200*10 201) m, l0 0 

(204 and 205) 47 •, 17 ; 34; 68; 136. 
(207 and 208) 2400. 


82 ' 


(319 to 316) 3; 2. 

a 5 

(317) 11. 

(319) <5 i ISJ 20; IS; 6i 1: 63. 

(330) 6 ; 10 110; 5 j l : 81. 

(221) 4 ; 6; 4 ; 1; 15. 

(223 to 325) 10 ; 34; 32. 

. (327) 4 jack fruits. 

(229) 2 ICojana 

(231 and 232) Dinaras IS ; 67 ; 165; 490. 

(236 aud 237) 16 ; 1 ; 3 6. 

(239 and 240) 261; 921; 1416 ; 1801; 2109 ; 110880. 
(242 and 243) 11 ; 13 ; 30. 

(244 and 2440 3 ; 4 ; 6. 

(245) and 247) 5177 ; 103 ; 139 ; 223 ; 238. 

(248) 14760 ; 356 ; 685 ; 445 ; 624. 

(248 t-) 380 i) 66 ; 71; 66 ; 876. 

(263| to 2560 7 ; 8 ; 9. 

(2664 to 2684) U ; 17 ; 20. 

(2604 and 2614) 7 ; 3 ; 2. 

(262J) 8; 12 ; 14,16 ; 31. 

(2634) 64 ; 72; 78 ; 80 ; 121. 

(264J) 1875; 2626 ; 2925; 3045 ; 3093 ;;5187. 

•(2664) 4; 7 ,• 13. 

(2374) 12 ; 16 ; 22 ; 31. 

(270 to 272|) 42|; 40. 

(2740 5 ; 8. 

(2764) 186. 

(2774) 161; 

(m) 441 • 

(2304) 26. 

(2824 to 283) 1296 ; 1225. 

(285) (a) j ; - 0>)~g.: 

(289) 87, 

(291) 40 ; 184. 

(293) 2j3. 

(295) 5 woman j 40 flowers. 

(297) 204; 2109 ; 2870 j 73810 ; 180441 ; 16206- 
(300) 1096; 1624. 

(302) 441 ; 1296 ; 784,106625 ; 1082146816. 

‘304) 2555!; 126226. 

;061) 27663. 

604 ; 732; 1020 ; 1376; 6304 ; 160876 ; 272304, 


58376 


_a 

&' 
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(310$) 1363100 ; 3038860 ; 9646 j 12705 114400. 

(312$—313) . i!£L. 

V 162' 12288 

(316) 426. 

(316) 416348873. 

(318) 2 j 3 j 6 ; 40. 

(320) 

(321 to 321J) 24 days. 

(3234) 3. 

(325|) 6. 

(3274) 25 days. 

(329|) 13 ;I9. 

(3314) 65. 

(3324) 620, 

(3874) For answer see footnote in the translation, 


(8) 32 sq. dandas. 

(9) 866 sq. dandas and 4 aq. koalas , 

10) 98 sq. dandas. 

11) 1200 sq. danda». 

12) 3000 sq. dandaa. 

13) 1952 sq. dan das. 

14) 23784 sq. dandas. 

15) 63044 sq. dandas, 

16) 1925 sq. dandas, 

17) 7425 sq. dandas, 

18) 50 sq. haatas. 

;20) (i) 54 j 243. (ii) 27 f ; 1214. 

[22) 84; 252. 

’24) 48 haatas 1 196 sq* hastas, 

’26) 378. 


CHAPTER VII. 


135 

189 


sq. haatas ; 135 sq. haatas, 

108; 972; 36. 

L 600 , 

3,400 sq. dandas. 

162 sq. dandas. 

340 sq. dantfaa. 

324 sq. dandas\i 486;sq. danfas. 
125 , 

~2 « 180 ' 

18; 30*. 




VIQMi 



ylfy'f$i*i 
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m 


(42) 203;; 3|. 

(44) 255(1; 30. 

(46) J3; 26. 

(48) % 'y. 

(51) Vf6S sq. daniaat dandas V 48 ; 4; 4. 

(£ 2 ) 60 sq. dandaa ; dandas 12 5 6 j 5. 

(53) 84; 12: 5; 9. 

(56) 4/50 5 26. 

(56) 13} 60. 

(57) 65 ; 1500. 

(58) 312j 288; lt9j 120; 34560. 

(59) 315j 280; 48; 252 > 132; 168 ; 224; 189; 44100. 


(61) V 3240; 1/65610 } 4/36000*} 4/8100000J V4840 ;. 4/U6410. 

(62) v$m y&fio ; 4/3240; vmSmo. 


(64) 4/6048"; V 54432. 

(66i) 4/2560 dandas ; 4/42250 sq. da«da>\ 


(68J) 1/39690 sq. dundaS} 4/20250 sq. dandas. 
(69i) 4 / 31360 sq. dandas. 

(710 i/IiSS sq. dandas. 

(7-20 4/5760. 

(75|) 4/860 ; 12 ; 6. 

(771) 192 + 4/23040. 

(78f) 192 — 4/ 5760# 

(791) 192 — V23040. 


a/I^ 0 . a/48'40 

(8ii) - 9 —; -5- - -<r- 


9 ■ 9 

(831) W—^IOO. 

(851) ViS-Vi 0- 
(871) 16, 12 j 48. 

(891) 20 ; S. 

(911) 3 ; 4, s 6. 

(921) 5; 13; 18. 

(94}) I®» 30; 34. 

(961) 5 ; 3; for the tnree cases. 

,981) « 00; 61. 

(ii) 11; 61. 

(iii) 11 ; 00. 

(lOOl) 80 ; 102; 61 ; 60 ; 109; II ; 5460. 

(1021) 169; 407; 169; 120 ; 312; 119 ; 3456a 

(1041) i 25 i 800 i 2<so i 195 ; 224 s i® 9 ; 48 ; 2 62 ; 108 ; 132 ; 44100. 

(1091) 34 ; 60; 16. 
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(1114) 13i 16 i 14; 12. 


(lUJ) 4; 1. 
(1144) v%\ r 

(116|) 6 , 3. 


( 116 4)|» Vi 


(117J) 82 j (perpendicular 24). 

3 4 


5- 



( 1214 ) 8 i 8 - 

(12*4and 1244) 89 i 52 i 26 i 60 i 88 s 3 «; «*» 16. 

( 1264 ) 12 - 
(1284) 3 i ia - 
(1804) 25 i 60. 

(184) 8; 16) 8; 20. 

(136) 8) 7; 2j 28. 

(186) 82 ; 87 ; 6; 232. 

(138) 37 ; 24) 28 ; 40. 

(139) 17 i 16, 13 ) 24. 

(140) 626 ; 072 ; 970 ; 1904. 

(141) 281 ; 320; 442; 880. 

(143 to 145) Circle: 25920 ladies; 720 initio*. Square • 34660 ladies) 720 
dauias. Equilateral triangle : 38880 ladies; 1080 dandat.' Bongish 
quadrilateral: 38880 ladies j 1080 daijdas ; 540 daridat. 

(147) (i) Side 8 

(ii) Base 12; perpendiculars. 

, . 13 13 1.41 , 

(149) g j 8 > J2 ’ lg • 

(161) 18 , 13 ; 13); 3 i 12. 

(168 to 1584) 8i 16; Hi 12. 

(1654) Vis 

(1674) 6 ) 0 ; 4, 


tlftill H?. 83 
^ ^ 80 ’ 30 '30 

( 1844 ) 4 / 40 . 


(10«4) 7,1, ~. 

(1694) 6- 
(1704) 10, 


42 



G anitasIrasanqjkaha . 


(172$) 10 j 13. 

(174$) Sides ~r-; top*side -g*; base '-g. 

(176) 17. * 

(177$ to 178$) (a) 3600 ; 7200 ,* 10800 ; 14400; (6) 54 ; 90; 126 , 162 ; (c) 100 j 
100; 100; 100, 

(179$) (aj 2700; 7200 ; 4500 ; Q>) 50 ; 70 j 80 ; (c) 00 j 120; 60. 

(181 J) 8 hastas ; 8 hastas . 

54 30 90 

(182$) ^ Pastas ; hastas > "If hastas. 

(183$ and 184$) 3 hastas ; 6 hastas; 9 hastas, 

28 

(185$) 7 hastas ; 7 hastas ; -g hastas, 

13 13 39 

(186$) rg hastas ; ^ Jtasto*; ^ hastas, 

(187$) 0 .9 ; *12 totes ; 0 hastas, 

(188$ and 189$) 8 hastas; 2 hastas -, 4t hastas, 

(191$) 13 hastas . 

(192$) 29 hastas. 

(193$ bo 195$) 29 hastas-, 21 hastas. 

(197$) 10 hastas. ' 

(199$ to 200$) 12 yfyanas ; 3 yojanas, 

(204$ to 205) 9 totes; 5 hastas; 4/250 hastas. 

(200 to 207$) 0 yojanas ; 14 yojanas ; V520 yojanas , 

(208$ to 209$) 15 t/ojanas ; 7 yojanas. 

(211$ to 212$) 13 days. 

(214$) 4/18 ; 13. 

65 v 

pm) T* 
lv 126 
(2104) v- 

(3174) 65. 

169 

(2184) V4B; -J5 • 

66 

(2104) t- 

(2204) 4. 

fm 

(222$) Square: ~7j~. Oolong: 5; 

.. 52 16 t 66 
Bides ---; top-side -g; base • 


12. Quadrilateral with two equalsides • 
Quadrilateral with three equal sides : 


39 , 1521 

sides g-j base 


125 * 

5 i base 12. Equilateral triangle 
120 


39 52 

Inequilateral quadrilateral: sides -g- ; g-; top-sid© 


1 V 


507 

4 '' 


Isosceles triangles sides 12 : 


base Scalene triangle: sides, 12; 5 base 

13 S 


5 * 




323 

ilK 
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TABLES OF MEASURES. 


1. LINEAR MEASURE. 


Infinity of Par am anus 

a=s 1 .dnu. 

8 A$U8 

= 1 TrasarSnu . 

8 TrasarSnus 

= 1 Rotharenu.. 

8 Rathcrenus 

= 1 hair-measure. 

8 hair-measures 

= 1 louse-measure. 

8 louse-measures 

= 1 sesamum-measnro or mustard- 

meaBure. 

8 scsamum-measures 

= 1 barley-measure. 

8 barley-measures 

= 1 angula or VyavaMrdngula. 

600 YyavaMrdngulas 

= 1 Pram ana or Pramd ndn gul%, 

6 Ahgulaa (finger-measure) 

= 1 foot-measure (measured across). 

3 feet 

= 1 

2 Vitastia 

sss 1 Hasta. 

4 Hastas 

sssst 1 Dantfa. 

2000 Danyas 

= 1 Kroia, 

4 Kroias. 

= 1 Yojana, 

2 . 

TIME MEASURE. 

Infinity of Samayas 

=z 1 Avali. 

A number of Avalia 

= 1 XJcchvdsa. 

7 Ucchvdsaa 

= 1 

7 Boikos 

= 1 Lava. 

38| lavas 

=2 1 <3Mi. 

2 Ghafis 

=w 1 MuKdrta, 

30 Muhurtas 

= 1 day. 

16 days 

s* 1 Pakfa. 

2 Polyas 

=s= 1 month. 

2 months 

*r 1 Afu. 

3 -fffow 

= 1 Aya*a. 

2Ayanas 

** I year. 
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3. MEASURES OF CAPACITY (GRAIN MEASUREMENT). 


4 maims 

* 1 Kutfaha. 

4 Kudahas 

= 1 Prastha. 

4 Prasihaa 

= 1 Adhaka. 

4 Adhalcaa 

=s 1 prma. 

4 Drorias 

= 1 MawL 

4 Mams 

= 1 EA<fr*. 

6 Kharta 

= I Pravartikd. 

4 Pravariikds 

« 1 FefJm. 

5 Pravartikda 

= I Kumbha. 


4. MEASURES OF WEIGHT—GOLD. 

4 Gapdakas 

=:= I Gunjd. 

5 Guftjd's 

= I Pawa, 

8 Pawaa 

=ss 1 Dharana,. 

2 Dharapas 

= 1. Kaifa. 

4 Korea!) 

= 1 Pate, 


5. MEASURES OF WEIGHT-SILVER. 

£ Grains 

=» 1 G'unjd, 

2 Gunjds 

= 1 Mae a. 

16 Af#>o-<r 

« 1 Dhardtid, 

21 Dharams 

= 1 Xarpa or Pur ana. 

4 Karfas or Purdms — 1 -RaJ®. 

6. MEASURES OP WEIGHT—OTHER METALS. 

4 Pddas 

=S I Kate~. 

6J RAtas 

ass' 1 YdVft. 

4 Yava8 

= 1 Awl<». 

4. Adaas 

1 Bhdga. 

6 Bhdgas 

=s 1 DraMna. 

2 Drafcww# 

sss. 1 Dinara, 

2 Dindras 

= 1 Sat£ra. 

121 

— 1 Prastha. 

200 Fate* 

«s 1 2Wtf. 

10 2TW<te 

= 1 Bhdra, 


7. MEASUREMENT OF CLOTHES, JEWELS AND CANBS. 


20 pairs 


= 1 KofM. 
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[2244) Square, 8. Quadrilateral with two equal sides: yy. Quadrilateral 
612 441 

with three equal sides: yy. Inequilateral quadrilateral: yy Equilateral 
_ 20 

triangle : V\ 2. Isosceles triangle: y. Scalene triangle : 8. Hexagon: 

y, if the area of the same is taken as 4/48 in accordance with the rule 

given in stanza 86J of this chapter. 

(226|) 8* 

( 2284 ) 2 . 

(2304) l( >- 
(2324) 6 ; 2. 


CHAPTER VIII. 

(5) 6f 2 cubio hastas. 

(6) 18560 cubic hastas. 

(7) 144320 cubic hastas. 

(8) 162000 cubio hastas. 

(124) 2928 cubio hastas . 

(134) 1438 cubic hastas; 1476 cubio hastas; 1464 cubic hastas. 
(144) 2916 cubic hastas ; 2952 cubic hastas : 2928 cubic hastas. 
(154) 3360 cubic hastas. 


(164) 


98980 

9 


cubio hastas . 


(174) 16100 cubic hastas, 

C84) 182834 cubic hastas. 

(21$) (i) 3024 cubio dandas ; 3024 cubic dandas ; 4032 cubic dandas: 

(ii) Central mass is tapering; 1488; 1488 j 1984 cubic daflfa* 
(224) 4032» 1984 cubio day4as. 


(24$). 

( 264 ). 

( 274 ). 

(294). 

(31$). 


(34). 


40 oubio hastas. 
16 hastas. 

12 ; 30. 

2304; 2073 f. 
V'720^ V648? 

1 2 
■jjof a day. JJ 


5 


14 


of the well. 


14’ lV 

(36 and 86). 13 yojanas, and 976 dandas ; 39 -J-ot vahes, 
(37 to 384). 17 yojanas, 1 kroia and 1968 dandas. 

(394 and 404). 26 yojanas and 195^ darttfas. 

(414 und 424). 6 yojanas, 2 fa<5s'as and 488 dandas' 

(454). 6912 unit bricks. 

(464). unit bricks. 
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(47*). 5184 unit bricks. 

(48 J). 108000 unit bricks, 

(49*). 40820 unit bricks. 

(50*). 40820 unit bricks. 

(51*). 20736 unit bricks. 

(581). 1440 unit bricks ; 2880 unit bricks. 
(58*). ♦ 2040 unit bricks j 1080 unit bricks. 
(56*). 2880 unit bricks ; 1440 unit bricks. 
, 19 

mi 20 5 ^ 

(59-60). 891 unit bricks. 

(62). 18,720 u nit brioks, 

(68*). 84 paftikas. 


CHAPTER IX. 

1 

(HI g of a day. 

(Hi), ngbafis 

7 

mi £2 of a day. 

mi 2 . 

(16* to 17). g of a day * 10 ghafts* 

(19). 8 angulas. 

(22). 16 hastas . 

(24) . 8 hastas. 

(25) . 2. 

(27). 20 hastas. 

(29). 10. 

(31). 5; 50. 

(84). 5 hastas. 

(85 to 37*). jg of a day; 8. 

(38* and 39J)* 6 hastas, 

(41* to 42). 24 angulas. 

(44). 32 angulas, 

(46 and 47), 112 angulas. 

(49). 175 Ipot-measures. 

(60). 100 foot-measures. 

(51 to 52*). 100 ydjanas* 




APPENDIX IV, 





8. BARTH MEASUREMENT. 

1 cubic Rasta of compressed earth = 3600 Palas . 

1 oabio Hasta of loose earth =» 8200 Palas, 

9* BRICK MEASUREMENT. 

^ Brick of 1 hasta x J "Rasta x 4> 

Angnlas == Unit brick, 

10. WOOD MEASUREMENT. 

1 Rasta and 18 amgulas ass 1 Kisku . 

Work done in cutting along by means 
of a saw a pieee of wood 96 Any tt- 
las long and 1 Kifiltu broad = 1 Paffikf, 

11. SHADOW MEASUREMENT, 
j of ft man’s height = his foot measure. 




